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Abstract

" The total synthesis of an oxacepham derivative
starting from D-mannitol was accomplished. During the
coﬁrse of the synthesis, an improved\procedure for the
preparation of oxazolidine mesylate was developed. Also,
a new aldehyde protecting group was deveidped which was
stable to nucleophilic attack by oxygen anions and was
easily removed with mercuric chloride or with m~chloro-
perbenzoic acid.’ Several attempts using different acid
protecting groups for the synthesis of the oxacepham
derivatives were investigatéd in detail and the resulting
products were characterized. In addition, many new

compounds were prepared and characterized.
i .
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La Synthésg d:un Dérivé Oxacépham,
L Bong Young Chung
Department of Chemistry
McGill University ) .

Montreal,.Quebec, Canada

’ ’ 7’
. Resume

La synthese totale d'un dérivé oxacépham a parti*
du D-mannitol a ete effectude. Durant ce travail, une
procedure amelioree pour la préparation du mésylate de
1'oxazolidine a éte développée. De plus, un nouveau
groupe proétheur d'aldéhydes a ete utilisé; lequel a \

\

]

ete stable a 1'at que nucléophile par ?es anions oxygénés
et a ete facilemaZi enleve avec le chlgrure mercurique

ou l'acide mrchloroperbenzoique. Plugieurs tentatives
utilisant differents groupes protectegrs d'acides pour 1la )
synthése de derivés oxacéphams ont été étudiées en détail

et les produits obtenus ont été caracterises. Plusieurs

, “,/ ’ , 2, e 0
nouveaux composes ont aussi ete prepares et caracteriges.
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INTRODUCTION
. ' \

Cephalosporins or cephems are fS-lactam containing

heterocyclic| compounds of the type (M which are closely

Jelated to penicillins (2), in terms of their structures
and various ankibiotic and chemical properties. If the
sulfur atom of céphalosporins i; replaced by oxygen, the ‘
resulting compounds are oxadethiacephalosporins (3),

which will be referred to as oxacephems.

COOH
5
*p
57, H\Nuco R
(1) x=s .
(3) x=0 (2)

Since these oxacephems are not naturally océurring
and their chemical synthesis has never been attempted
unt11 quite recently, their chemical and biological
~propert1es were entirely unknown. Hence, it is worthwhile

to describe the backgrounds of cephalosporins first, and

- then the anticipated properties of the oxacephem

p3

derivatives. -

v
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1, C alosporin C and the related tibiotics

LN

During the search for antibiotic=-producing organisms,
Brotzu' in 1945 didcovered a new fungus near a sewage outlet
in the sea off Sardinia, which he concluded was similar to
Cephalosporium acremonium. Because of the inadequate
facilities in Sardinia, a culturg of the Cephalosporium
species was sent to Sir*Howard Flory at Oxford University

who had been very active in penicillin research.

~00H
cH,ﬁo/\(?\/'L—f] €00"
8 N ﬁénnco(cm)a—éu—nn,*

L

(4) . &
A detailed examination of all the antibiotics produced
. &
by this Cephalosporium species was carried out by Abraham
and Newton? ,also at Oxford University. In 1955 they
isolated from its cultures a new antibiotic substance,

Cephalosporin C (4), whose structure was determined by the

same authors® and confirmed by Hodgkin and Masfen4 by means
of single crystal X-ray diff ion studies in 1961.

#

2




. A variety of derivatives of 6-aminopenicillanic acid

. (5) can be easily biosynthesizeﬂaﬁhrough appropriate

modification of the culture medium, fhus any multistep
chemicalysynthesis of penicillins can hardly be expected X i
to be of immediate pfactiéal importance. This is not true,

however, for the cephalosporin series of k?—lactam -

antibiotics., While a strain of Cephalosporium species,

T
—

y COOH ) OOH
N— P
\ ><\\N 4 ¢ CHCO N7 “N—f ~
S/L_u\NH, ¢ , s)_ “WH,
| (5) \ | | | (6)

mutant 8650, which produced much more cephalogporin C than
the wild strain, was discovered by the-Antibiotics Research
Station of the Medical Research Councils, attempts to induce
the biosynthesis of cephalosporin analogs during fermenta-
tion have not been successful, because the key iAtermediate,
7-aminocephalosporanic acid (6), is not easily biosynthesized.
Hence, many attempts to synthesize cephalosporin deriv;tives

"have been made, but without much success.




¢ The most successful' stereospecific total syn;hesis of
cephalosporin C and cephalothin was announced by Woot:lw::u'd6
in his Nobel lgqfure in 1965. By using naturaL}L—cysteine
(7) as a starting material, no resolution step was necessary,
and by protecting the various functional groups of this amino
acid in cyclic intermediate (8), complete stereochemical
control in the introduction of the new as&mmetric center,

namely the 7=-position of cephalosporin C, was achieved.

COH COOCH,

N-C-0Ot-Bu
. o

(7) . (8)

L-Cysteine (7) was protected with an acetonide function

and then tréated with t-butoxycarbonyl chloride to give

an acid which was esterified with diazomethanegto give (8).,
This intermediate (8) was reacted with dimethyl azodicar-
boxylate to afford (9) which was oxidized with lead tetra-
acetate and then treated with sodium acetate in methanol

to give the trans hydroxy compound (10). Treatment of a
derivative of (10) with azide followed by reduction with
aluminum amalyam in methanol gaveé the dé;iféﬁ cis amino
ester (11), whith was g;énsformed to the pf-lactam (12Y)

using triisobutyl aluminum.



CH,OOC-!;OH .
CHOOC-N,  COOCH,
S N-ﬁ-Ot-Bn

(9)

S N-ﬁ-ot-lu

(10)

. "\—f
NH, COOCH, Ho e H
Hn. O‘H
S_ N-C-Ot-Bu —CO0—t—Bu
0 >
L] *

(11) ) (12)

This B-lactam was condensed with the preformed \\g_////~J
dialdehyde (13) to afford (14), whoge N-and S-protecting
groups were removed by trifluorocacetic acid to give the
amino aldehyde (15). The 7-amino group of (15) was then
acylated with thiénylacetyl chloride or protected D~a-
aminoadip;fc acid and the aldehyde group was reducéd with
diborane. Then, acetylation of the reéultin\g hydroxy gr.;oup,\\
isomerization of the double bond in pyridine -and reductive '

cleavage of the trichloroethyl ester group with zinc in

90 % aqueous acetic acid gave cephalosporin C (4) and

. cephalothin (16).



. CO,CH;CCl, - \’cm,- CHOL™

! .C.H )‘ s N - c"\ o
H € u , OHC- E' N
‘cn \c, . c" " R ‘ f
T R ;S N-C-Ot-Bu "4
« 0 O - HO i 7
P ; :
/ (13) ) (14)
, OOH ’
0,CH,CClI,

CH,cO~\F# N,_f’ \

: I
om:| N__(o X I . |

| o 2 H\NHco-R
S \NH,_ - ¢ou" .
v oo (4) - R=(CH,),CH-NH]
sy . (16) R=cH, L

The other total synthesis of a cephalosporin derivative
has been reported by Heymés, Amiard aﬁd"N&ﬁiné’, and

Christensen® recently published a practical approach to
b - .

cephalosporin derivatives, ' A number of review articles and

monographs®~'7 have dealt with other synthetic approaches

and with the chemistry and biological- activity of the - . ..

cephalosporin antibiotics .~ T ‘
Cepﬁalqspo¥ins‘§nd pénicillinsﬂéqgm #p hav? similar

modes of action, ;ntergering with.?ﬂctegial cell wall
. . ] ’

v #
Y



.
18"21. However, cephalesporins have some

synthesis
characteristics that in 8some cases make them more useful
than penicillins. They are, like penicillins, non-toxic,
but they are more acid stable than penicillins and more
chemical variations aqe possible. Tﬁey are active against
penicillin resistant gfaphylococci, and have good gram-
positive and some gram-negative antibacterial activity.
Perhaps, the greatest advantage of cephalosporins over

penicillins is that Ehey are less susceptible to cause

allergic reactions. The most important disadvantage,

‘however, is that they are much more expensive than penicillins.

Cephalosporins as well as penicillins are not
effective against all infectious diseases, Certain kinds
of diseaées, however, can eésily be cured by these compounds.
Respiratory diseases, 'such as pneumonia, scarlet fever, sore
throat, and ear infections all resp?ﬂd to cephalosporin
treatment. Many infections of the urinary tract, infections
of wounds, boils, gas gangrene, and abscesses, tetanus and

meningitis can be controlled. Also, syphilis and gonorrhea

can be cured with cephalosporins. \

py.
L i



2, Oxygen apalogs of cephalosporin antibiotics

In 1968, Sheehan?? reported the synthesis of a new
series of oxygen analogs of the cepham ring system (17).
This was the only example of the oxacepham ring system in

the literature when we started our research in 1973.

R= C.Hs
7 v
N"‘f CH,—CH, °
/l N\
0 R N C.H‘—m-NO,

(17)
. ¢
He prepared the 2~aryl-5,6-dihydro-l1, 3=oxazine (18)

by condensation of a nitrile (19) with 2-methyl-2,4—
pentanediol (20) in the presence of sulfuric acid, a “
reaction which was originally descriBed by Tillmanns

and Ritter?®, The reaction of these oxazines (18) with

. ~
pﬁFhaloylglycyl chloride (21) and triethylamine in refluxing

beﬁgene gave the B-lactam, 2,4,4~trimethyl-6-aryl-7-

phthalimidooxacepham (17).

{




R= C.H,
H ‘ .
R—C=N CH,—~C,H;
H
. CH,~ m-NO,
- B
G «
(20) (19)

N -

| . Cl—C—CH,— , >
(18) (21) .

The fB-~lactam carbonyl absorption frequency of these
oxacepham derivatives in the infrared appeéfed at 1760 cm™ ,
This frequency is nearly 20 cm™ higher than ‘that (1740
em™ ) of the cepham derivative (22) which was synthesized
by Ros5y2: and by Rosebery?®, Both of these QB-lactam
carbonyl absorption frequencies should increase when the
double bond is introduced in the 3-position, because the
B =lactam nitrogen planarity is dggreased. This is true
for the cephems (1), for which the B-lactam absorption
frequency%appeqrs at 1785 - 1793 cm™', Thus we would
expect tha% the pB=~lactam carbonyl absorptioﬁ frequency
of the oxacephem derivatives (3) would appear around

)

1800 - 1810 cm™',




I

T

\><; conn{_ > OOH
.0

CH,C Z N
jing G
s NHCOPh X" § NHCO-R

(22) - (3)

~

Concerning the B-lactam carbonyl absorption
frequency of cephems or penicillins, a relationship has
been establishedkbetwegn their absorption‘frequency.and
biological activity. Morin®® has shown that, provided that
a direct cowrelation exists between pfB-lactam carbonyl
absorption frequency and acylation ability (i.e. the
higher the frequency, the higher the acylatiion ability),
a rough but positive relationship between acylation &
ability "and biological activity can be inferred from
their infrared data, lThis relationship has been.}urther
verified by Sweet and Da:h].19 who, on the basis of X-ray
structure data on the various -cephems and penicillins,
suggested that, as the biological activity increases, the
B-lactam nitr'ogen planarity decreases, and the ease of

basic hydrolysis of the QB-lactam amide bond increases.

10
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From the above relationships, we would expect that
oxacephems (3) might well have higher biological activity
than the corresponding cephems (1), if the two hydrogens
attached to the B-lacéam ring have the correct stereo-
chemistry and all of the attached functional groups are

the same.

(o]
v OO
R v HB; 18]

it
R= Br ' C‘H5
hlzc"'z C.H; ,CoHn

(23) (24)

HO " OH

H R=8Br,OMe CH,

(25)

-

Furthermore, certain kinds of compounds having a 1,3~
oxazine ring fused to artmatic, heterocyclic or alicyclic
nuclei have been reported to have considerable anti-
bacterial, antifungal or cancerostatic activities. For

exaimple, the dihydrobenzoxazine derivatives (23) showed a
)




strong cancerostatic activity in mice?’

, the aliqyclic
perhydro-1, 3-oxazine compound (24) antitumor activity?$
and the steroidal derivatives (25) antibacterial and
antifungal activities?,

In addition to these various antibacterial activities
of the dihydro-l,3~-oxazine derivatives, the anticipated
higher pB-lactam carbonyl absorption frequency of the
oxacephem derivatives in the infrared could promise that
the unnatural oxacephem derivatives, available ¢zly by
chemical synthesis, would have more effective biological
activities than the corresponding cephems, It is partial

upon these anticipated biological activities that the

work in the following chapters was undertaken.

’

During the course of our studies, Christensen and

i
R N

reported a total synthesis of an oxacephem derivative,

Cgma30

oxacephalothin.

Thé starting point of their synthesis was 1,3,5=tri-
benzyl-hexahydro-s-triazine (26) , prepared from benzyl-
amine and formaldehyde. Treatment of (26) with diethyl
phosphite and hydrogen chloride gave N-benzylaminomethyl-—
diethylphosphonate hydrochloride salt (27) and its
hydrogenolytic debenzylation and neutralization gave

aminomethyldiethylphosphonate (28). The amino group

was then protected with benzaldehyde and the carboxylic



" function was inserted with phenyl lithium and benzyl
chloroformate to give the acylated Schiff base (29).

The benzylidqu groyp was then removed by exchange
with p~toluenesulfonic 7Zid and by neutralization of the
resulting sulfonate - with potassium hydrogen phosphate to
giQe benzyl aJaminodietﬁylphosphonoacetate:Vthch was
thiof;ghylated with ethyl thionoformate to produce benzyl
a—thioformamidodiethylphosphonoacetaté (30).

A~ o
N N .
e L - T wa
Pt N (C,H;O)zP\/N\/Ph
~ L H
Ph _f

(26) @2 -

o COOCH,Ph

(€2H,0) P~ nH,
( c.H:0),P N =CHPh

(28) (29)

13
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. ' '{’:ﬁ:
~ (;h\ -
\. OCH, Ph . .
\ o ©° 2 o EOOCH;ph
/ !
(c:Hs0),p Tﬂ (cszo),P N
C. -
s/ ~H . cu,s)ku
(30) (31)

i -

Treatment of (30) with methyl iodide in the presence
of potassium carbonate gave the Schiff base (31), which
was condensed with azidoacetyl chloride. The resulting
thiomethoxy B-lactam (32) was then reacted with chlorine
to give the isomeric chloro compound (33). Treatment of
(33) with 3-hydroxy-~2-oxo-n-propyl acetate and separatién
of the resultip§ isomers gave (34) in 23 % yield, which
was cyclized to (35) in 28 % yield by means of a Wittig

. Vad —_
reaction. (ﬁ

I/Ji\ o . T//L\
S (RN ,Nt—T (C:#:0):P M
T AN . a’l TN,

CH,S YL AN, HOH

Ga (33)

14



o COOCH.Ph

(C’H’O)'l/kj_jf cH,go
Oj:i\\o :4 g N,

«:a. I‘.
OCOCH, =

‘x
(34)

Q35)

i
'

(‘ ™
Reduction of the azide function witﬂ platinum oxide,

followed by acylation of the resulting am?no group with

thienylacetyl chloride, and hydrogenolysis of the benzyl

ester on pailadium on charcoal gave the |desired. oxa-
cephalothin' (36), which appeared to be the first total

. . ll
synthesis of an oxacephem derivative.

\
\

COO Na' \
CHEO = ,lq__/,° ‘\
0o : bl |
) Sl
, L NHCOCH,—[ < ]\ 1
i 4 \
v (36) X =0

\
(16) X =S5




v

A partial synthesis of the oxacephem derivative ?38)

from\anhydro-G-phthalimidopenicillin (37) was also reportdd

in December, 1974 by S. Wolfe®', -
. A 3
3
~ COOCH,Ph
CH, o)
o ~ON
o) SN
- H H
o}
<
(37) (38)

13

In the lecture concerning the synthesis of oxacepha-
lothin (36), Christénsen?’showed that the fB=lactam
carbonyl absoiption frequency of oxacephalothin in the
infrared appearedjat 1802 cm",which is 20 cm™ higher
than that of cephalothin itself, He also showed that the
gram=-positive antibacterial activity of oxacephalothin is
exactly the same as that of cebhalothin, but its gram=-
negative activity is doubled, These results indicated
that the assumptions upon which the following work was

undertaken were correct.

’
#

le
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3, outline o ; e project

~

In 1962 U9133 }eported a new method to synthesize a
penicillin analog (43) by treatment of the imine acid (39)
with an isonitrile (4l) in a two plase mixture of watgr
and petroleum ether, He explained that ig aqueous media,
the imine acid is in equilibrium'with the zwitéerion (40),
which reacts with an isonitrile to form the bicyclic
adduct (42), and that this adduct is converted to the —

penicillin analog (43) by means of the trans-annular acyl

"migration (Ugi reactionm).

- + -
N COOH “SNH €00~ . -
)._k | | R-NzC
s CH

CH, S

(39) (40) (41)

_ 0) N-—¢°
' S/g_l\cuJ
H, H H ?
(42) (43)



< 3
This reaction suggested an approach to syntheéize a

new class of antibiotics, the oxacepham derivatives (45) .

If we prepared the desired imine acids (44), we could

synthesize the oxacepham derivatives (45) by means of an

Ugi reaction. These oxacepham derivatives would then be

transformed to the o&acephem derivatives (46) and after

resolution, the two’amide groups would be removed by

poranic acid (47).

(46)

x

phosphorus pentachloride3* to produce 7-aminooxacephalos-
' +

txg CONH-X ‘

o
o NHE—R
(o)

HH

(45)

(47)

~ The objective in this work was to devise a novel and

adaptable scheme for the synthesis of the oxacepham deri-

vatives (45) #Hsing readily available starting materials.




A3

The starting"bciﬁt of Fhe synthesis was D-mannitol

‘ ‘ (48), from which the mesylates (49) and (50) were
‘prepared. Treatment of these ﬁe#ylafesiwith the enolic
salts of the type (51) produced fhe pondensation products
(52). From these products, attempts were made to

| !

synthesize the oxacepham derivatives (45). }

o "
Iy
£

! . 5
s ~——0OH -~ r_‘ql » .

_..._OH CH;;_"N x . ! b .

. ’ :\ Ho_ W q’.

v . % ~ —O0H . . ) . Xo OMs -

. 'HO— o ) 0 ~ ‘

¢ HO— o Y .
- (49) x=0
(48) - (50) X=S§




14

-

o ,
" "Chapter I deals with the preparation of the mesylates -

== (49)--and (50) -startimg fgbm D-manniteol (48). Using these

mesylates, we attempted to prepare the imine acids (44)‘by
introducing methyl esters (chapter II), 2-benzyl-5- -
oxazolones (chapter III) 5nd benzyl esters (chapter 1IV)

as acid protecting or acid producing groups, but without
much success. However, we achieved the synthesis of the "
oxacepham derivative '(53) using f,f8, B -trichloroethyl
esters as ;n acid protecting group. This synthesis is

described in_chapter. Vv, . " - -
L o S :

2 - X CONH"CHQCHJ

-9 0 M g

- T NHCOPh
(o] HOH

£ ‘ | (53)

“

20

s
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CHAPTER I g <
,‘ﬁis

_ur

SYNTHESIS OF OXAZOLIDINE AND THIAZOLIDINE MESYLATES .

The synthesis of thf oxazolidine mesylate (49),
developqd by Rossy35 and Rosebery25 in this laboratory,
suffered from the fact that séveral steps were laborious
and proceeded in relatively low yield, and that the
final product was contaminated with variablevamounts of a
side éroduct(lo-so'%), the p}esence of which had not been _

. RS A AT ¥ VY n».h-»a\-k'wu,“»x*,,_,,‘“\“)w. Lo
recognized., - i i o

™ ,'

CH- n o

oo

" (49)

The gtaf%ing point of their synthesis was D-mannitol
(48)¥ from which the diacetonide (54) was prepared by the
Baer and Fischer Qethodae. CIeavége of the vicinal diol
‘with,lead tetraacetate in benzene and the quick dis?illation

gave glyceraldehyde &cetonide (55) in  variable yield36



-

. N —OH : I_'°><
o L—OH : / —0
HO— HO— S
) - - PN F’OH
T HO— -
- HO— ‘ o—
) \ (48) - (54)

‘ Because of the easy polymerization of this aldehyde on

— standing, freshly distilled glyceraldehyde acetonide (55)

\\\\. . .
was immediately treated with formaldehyde and potassium
—
, carbonate in aqueocus methanol. After remoyal of the
methanol in vacuo below 40°C using a rotary evaporator,
. extraction of the remaining aqueous solution with methylene

chloride and evaporation gave a sticky dioxan (56) .

>

H\c”o : ro OM
><0— - 0 g>< . t *

-

. (55) . (56) 7

22



' "~ Pyrolysis of a small amount of the dioxan under high

!

-

__vacuum and the quick distillation of the product gave a
vacuum !
50 % yield of the hydroxy aldehyde (57), which was immediately )
200, WhECh wa
- __treated with N-methylethanolamine (58) to produce the

oxazolidine alcohol (59).

M c»ﬁo ' )
' ><°j\/°"' CHyNH OH
0

(57) (58)

In Rosebery's synthesis, the sticky dioxan (56) was
| diré::tly treated with N—méthyleth;nolamine in refluxing
benzene and the produced oxazolidi?e alcohol (59) distilled
under high vacuum. The oxa‘zolidine alcohol was then
mesylated with methanesulfonyl chloride, yielding "a

quantitative yield of the pure--exazolidine mesylate (49)". e

r-\,

c“f"‘ S cu,—u (s
y }/ , >( }‘Oﬂs -

(59) B (49)  —




.\,t--wa@iFgr work was' sucéefsful in the preparation
- of the oxazolidine mezylate (49), we found, repeating the
whole reaction sequence, that the oxazolidine mesylate was

contaminated with the dimesylate (61).

Ms

Xo OMs

0

(61) /

%When all of these reactions were repeated and attempts
to recrystallize the mesylation product from petroleum ether
(60~80°C) were made, less than half of the expected product
was obtai;ed as the pure oxazolidine mesylate (49), The | (
residue was then passed through an alumina (Act. I, neutral)
column using a mixture of methylene chloride-ethyl ether ’
(1:1) as an eluent and’the solvent evaporated, Recryétalli-
zation of the resulting solid from methylene chloride-~
petroleum ether (60-80°C) (l:1) gave varying amounts (10-

50 % of the mesylation product) of the side product as
white|needles. It was assigned the dimesylate structure

(él) on the basis of its microanalysis and nmr spectrum37.




Since the dimesylate (61) must be derived from the
diol (60), we concluded that the diol had been formed by
a Cannizzaro reaction occurring during the work-up of
the dioxan (56), which had involved removal of methanol
in the presence of potassium carbonate and formaldehyde,
and that the diol accompanied the oxazol}dine alcohol

(59) as a contaminant. Indeed, Rossy reported that

g.l.c. of the oxazolidine alcohol showed varying amounts

of a side product that he had removed by filtration

through an alumina column.

-1

OH oM
o
X "t
o =
(60) (56)

In order to proceed with the synthesis, ' it was
imperative to eliminate this side préduét during the
reaction sequence, to simplifi some key steps, and to

increase the overall yield of the oxazolidine mesylate.

Although D-mannitol (48) was con&gfted into mannitol -

diacetonide (54) in up to 50 % yield by_tﬁé‘procedure of

6, and the diacetonide (54) was Cleaved

ldd

Baer and Fischer®

2

25
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with lead tetraacetate into glyceraldehyde acetonide (55),
it was difficult to scale up, because of the extremely

large amounts of reagenFs employed. Instead of following
this procedure, attempts to transform the simple glycerol

(62) into glyceraldehyde acetonide (55) were made.

«

H
OMH OH N\
> E°>< X
OH (o] o]
(62) (63) (55)

Treatment of glycerol (62) with dimethoxypropane and
acetone in the presence of catalytic amounts of p~toluene-~
sulfonic acid affordgd a 90 % yield of glycerol acetonide
(63)38. Howevér, several attempts to oxidize glycerol
acetonide to glyceraldehyde acetonide (55) using chromium
trioxide-pyridine complex in methylene chloridesg,
seloxcette‘o, or Corey's chromium trioxide~3,5-dimethyl-
pyrazole complex in methylene chloride“1 were unsuccessful,
probably because of the further oxidation or the poly-
merization of the generated product during the reaction

or the purification periods. Thus the transformation of

glycerol to glyceraldehyde acetonide could not be achieved.
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Therefore, we followed Kohan's modified method‘zsfor
the preparation of mannitol diacetonide (54) from
D-mannitol (48). a suspension of D-mannitol was stirred
in a mixture of dimethoxypropane and® acetone with a
catalytic amount of p-~toluenesylfonic acid at xroom
temperature. Removal of the JCreacted D-mannitol and
neutralization with potassium carbonate gave a mixture
of diacetonide (54) and triacetonide (64) . Two recrys-

Y

tallizations@f the crude mixture from petroleum ether

-

—OH —O, T )(i

o X e

HO— HO — 0.?
—OM —OH 0

HO— 0— >(0-"

HO— | >.<Q_J . — -

(48) (54) | (64)

~

&
(60-80°C) afforded the pure mannitol diacetonide (54) in

30 % yield, Although the yield of this method was lower
than that of the Baer and Fischer method, the shortness
of -the reaction time, and the fewer reagenfs required,
as well as the simple work-up, made_this proéedure more
suitable for the preparation of large quantities of

mannitol diacetonide (54). ¢ '



The probleh was ‘the transformation of the mannitol
diacetonide (54) to glyceraldehyde acetoﬂide (55) and the
subsequent formation of the dioxan (56). Although the
glyceraldehyde acetonide was prepared by the cleavage of
vicinal diol with lead tetraacetate in benzene 3¢, large
amounts of benzene had to be used and ‘the yield was quite
variable since the product co-distilled with benzene and
rapidly polymerized on standing. Furthermore, when the
dioxaﬁu(SG) was prepared by the tfeatment of the freshly
distilled glyceraldehyde acetonide (55) w}th formaldehyde
and potassium carbonéte in aqueous methanol, it was found

to be contaminated with the diol‘(60).

!

M\C//o r/O OH oH
0o Fo) o 10} OH
> e X,
(55) (56) | (60)

;deally, the two reactions should be combined in a
one-pot procedure using water as a solvent and thus
obviating the necessity to remove the methanol. Several
attempts by Rosebery (unpublished results) to cleave

mannitol diacetonide (54) with periodate gave glycer-

28




.
aldehyde acetonide (55) in less than 20 % yield. Re-

examination of the reaction showed that, using distill%d
water as a solvent, the reaction was completé after lesEg
than five minutes, and that the pH of the reaction mixture
dropped rapidly to three. We therefore decided-to study

the periodate cleavage reaction under buffered conditions*3.
—O0
X ,
L "HO— ﬁ (:i:[;fﬂ
_on o
,0—
Xo__’ ) ‘

(54) | (56)

v

\

Mannitol diacetonide (54) was dissolved in a pH 5
buffer solution and 1.1 equivalents of sodium periodate
added with vigorous stirring. A careful study indicated
that the starting material had completely diéappeared

within five minutes, and that the produced glyceraldehgge

I3
acetonide (55) started decompesing very rapidly due to *\\\ )
o N

the slightly acidic condition. When the periodate
reaction was carried out in pH 6 buffer solution, ﬁhe)
reaction was complete ‘after 30 minutes with little
degradation of glyceraldehyde acetonide (55). Hence,

without isolation of the generated glyceraldehyde °

.
-
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acetonide, two equivalents of aqueous formaldehyde and
potassium carbonate were addé@ and the reaction mixture
kept overnight. Extraction with methylene chloride and
ev;poration gave a'80 % yield of the pure, crystalline
difxan (56).

This new procedure had the advantagé that the whole
sequence was carfied out in water witﬂout isolating
glyceraldehyde acetonide (55), and that the pure dioxan

(56) was' obtained by one single extraction procedure.

| 1 —
r——1 CHrm N ° CHy&-N_ O
r
CH,"NH OH yo oM . HXH v
o

(58) ° (59) (65)

o

Since the pure dioxan (56) was’bbtained in a high
Yield, we followed the Rosebery's method to prepare tﬂe
oxazolidine alcohol (59). The pure dioxan wasgdirectly
treated with N-methylethanolaminewin refluxing benzene,
which rapidly produced the oxazolidine alcohol (59) and
N-methyloxazolidine (65). Water was removed from the
" reaction mixture by azeotropic.distillation and, on

evaporation of the remaining solvent, N-methyloxazali-

'



i

o

‘ ) dine (65) co=-evaporated. Thé residue was then_vacuum -
. distilled to give a 90 % yield‘qfﬁthe pure oxazolidine
alcohol (59). ) '
There was no difficulty in the preparation of-;he
oxazolidine mesylate (49) from the pure oxazolidine
alcohol (59)% Slow additioﬁ of methanesulfonyl chloride
to the mixture of the oxazolidine alcoh;l (59) and
triethy}amine in methylene chloride at low temperature

(=30%~~60°C) gave a quantitative yield of the crystalline

oxazolidine mesylate (49).

CH-N_ 0 H\c//o
3 oM Na)
5 o Ms ><o s
X, o
. | ;
(49) - (66)

The hydrolysis of the oxazolidine group of the
oxazolidine mesylate (49) to6 the corresponding aldehyde
| mesylate (66) was also easily accomplished in high yield

with 50 % aqueous acetic aci@ within two hours.

e
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' Although the yield and purity of the oxazolidine
mesylate | (49) was imprqved, it was discovered to be
very difficult to carry out the next reaction with’ this
xhesylaté, becauge the ogﬁzolidine group was not stable
enough to the nucleophilicr attack by an oxygen anion.

i When the.oxazolidine mesylate (49) was treated with the
’ sodium salt of methyl ester (67b) in 2~butanone, a 1l:1
. mixture of the products, the desired oxazolidine methyl

ester (68) and a rearranged perﬁydrooxazepine dexivative

(69), was obtained (see Chapter II). : ~
x , .

' Hu o 7COOCH,
CHAN Na*-07/ -0
X °

(49) (67b)

%\/> @ H

}( —S¢-COo0CH,
\ —F0
o

0
CH
H\ . /coo 3 .
=C o)
0 Y )
N
’ /
CH,

gi ‘ (68) ’ (69)

~



Since the laborio sly prepared oxazolidine mesylate
(49) afforded such a m£§tﬁre in the next reaction, and the
resulting mlxture appeared to be very dlfflcultﬁto geparate
by usual methods, it was deéided to introduce a more stable

and easily removable aldehyde)protectiﬁg group, namely a

thiazolidine.

NH, SH
HCI-

(70)

In a first experiment, we tried to:exchange the easily
hydrolyzable oxazolidine group with a thiazolidine moiety.
Trgatment»qf the oxazolidine mesylate (49) with commercially
av;il;ble #minoethanethiol hydrochloride (70) in refluxing

methanol, ethyl ether or benzene, however, did notﬂg}ye the

cleavage of the acetonide functlon or the formation of the

»
4

) hemiacetal or thioacetals.

8

pure thiazolidine mesylate (71), probably due to the

Reactlon of the oxazolidine

T

mesylate (49) with N-methylaminoethanethiol hydrobromide

was also unsuccessful,




. « ' Since this transicetalization was unsuccessful, it

was decided to prepare the thiaZOlidine alcohol (72) first,
and then to mesylate to the corresponding thiazolidine
mesylate (50). It was anticipated that N-methylamino-

. ethanethiol (73) would undergo a reaction similar to®that
described for N-methyletﬁanoiémiﬂe (58) and the dioxan (56)
£o give the alcohol (72), thus necessitating few changgs

in the reaction sequence described.
- \

"~

L]

. CHFN_ S CHrN

. A ,

| “ 0 o%“ E/om
fod T Xs

(72) . (50) /[

. /
. , -

In a first attempt to prepare N*methylaminqethane-

A}

thiol (73), ethylene sulfide (74) was treated with aqueous

methylamine in the presence of silver nitrate, a modifi- S

- + cation of the method developed by Mene_ghini44

X . However,

it did not giﬁe the thiol (73), because of the highly"

hygrescopic property of the thiol wthh was ;atér

©

discovered. Therefore, we decxded to follow the classical

but lengthy method to prepare N-methylaminoethanethiol.

-~ -
\ -
|




(73) (74)

)

.
8
LY

. "

.- - --- Nemethylethanolamine (58) was tréated with sulfuric

abiq‘fdllowed by sodium hydroxide, to give N-methyl-
aziéidine (75)45, which was then reacted with methanolic
hydrogen sulfide®® . Evaporation of the methanol gave a-
white crystalline N-methylaminoethanethiol (73) in an

overall yield of 30 %.

— N/ 1
CHs-NH  OM N ,, CHr-NH  SH
CH,
(58) (75) (73)

Preparation of the thiazolidine.alcohol (72) was
then the same as that of the oxazolidine alcohol (59).
‘Treatment of the pure dioxan (56) with N-methylamino-
ethanethiol (73) in refluxing bengene and vacumm distill-
ation gave N-methylthiazolidine (76) (bfp. 55°C/20mmHg)
and the thiazolidine alcohol (72) (b.p. 127°-130°C/0.2 mmHg)
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, .
u CHr-N__s 1
CHseN S .
| Xo
‘ ° © (72) a (76)
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L
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in more than 90 % yield. 1Its nmr spectrum indicated that
(72) conéisted of the two possible epimers in a 1:1 ratio.
No attempt was made to separate these epimers.

Alcohol (72) was then mesylated quantitatively with
methanesulfonyl chloride in the presence of triethylamine
to give the crystalline thiazolidine mesylate (50).

<

X Alcohol (72)&tfjb gave a trifluoroacetate (77), but the

- formation of the reactive trifluoromethanesulfonate (78)

using trifluoromethanesulfonyl chloride or anhydride:was
.
unsuccéssful, because the generated triflate was hydrolyzed »

-

during the purification step. Only the starting material
4 F .

”
was recovered. R

CH-N_ _S CH,-N_ _S -
; > (77) R=CCF,
0
o—+ Ms o R (78) R=ScCF
- X X kN
T o -
4 _ {153

‘ (50) ’ (77, 78)
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The hydfblysis of the thiazolidine function 'to the -

—

* B

aldehyde was satisfactory. Wwhen the thiizoliéine mesylate
(50) was treated with mercuric chloride’’ in aqueocus
gbetonitrile or tetrahydrofuran, it gave the aldehyde
mesylate (66) in as high a purity and yield as the one
from the acidic hydrolysis of the oxazolidine mesylate (49).
Surprisingly, this thiazolidine group was also cleaved to
the aldehyde in good yield within 2 minutes when (50) was
treated with m~chloroperbenzoic acid in methyleﬁe crloride
at 0°C, As expected, the thiazolidine ring was resistant
to the nucleophilic attack by oxygen anion and stable~to

the mild reducing reagents (i.e. hydrogenation on P4/C).

(66)

Having now achieved a short, high yield and simple \
.synthesis of oxazolidine and thiazolidine mesylates (49)
and (50), their condensation with various enolic salts
and subsequent reactions towards the synthesis of the
oxacepham derivatives were studied next., These studies

will be discussed in the following chapters.



CHAPTER II

PRELIMINARY STUDIES TOWARDS T ) I E

INTERMEDIATE, IMINE ACID, USING METHYL, ESTER AS AN ‘
ACID BLOCKING GROUP

,The first approach towards the synthesis of the
oxacepham derivative (45) involved the condensation
of the sodium or thallium salts of the methyl ester

(67b, 67c) with oxazolidine mesylate (49).

(45)
y
Phthaloylglycine was transformed to thé’corresponding

methyl ester and the methyl ester formylatea with methyl
formate to methyl 2-phtbalimido-34hydroxyacry1ate
(Gia) by the known method*®. The thallium'® and sodium
salts (67b, 67c) were then prepared by treatment of this

. hydroxy compound with thallium ethoxide in benzene or

sodium ethoxide in ethanol.

>

t
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The sodium or thallium salt was suspended in a solution
of the oxazolidine mesylate (49) in 2-bdtarione and the -
mixture heated to reflux to obtaig'the oxazolidine ester
(68) . ﬂThin layer chromatography showed that after 6 hours,
thelstarting material had completely reacted, but that two
new spots appeared. Filtration, evaporation and
purification through an alumina column gave a white foam.

Microanalysis and mass spectrum of this crude prod&;:
showed that the 1:1 condensation , reaction had occurred,
but the nmr spectrum clearly showed a new peak at § =5.,14

ppm, which could not be explained without considering the

Ccleavage and rearrangement of the oxazolidine group.

) , Ho._.-COOCH, @ x=H
CH-N o o /c—c\ o)
‘x O A - (b) X=Na
e <
- — =TI
o Ms ) Y, \ (c) xX=T
X o\
o
(49) , (67)
PR
00 N/\
o
ﬂ H\ ‘C/coocm
s o \pn —©
. o

(68)
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Attempts to separate these two products using column

chromatography or thin layer chromatography failed, becgpsé
the two products had nearly the same Rg values and the
oxazolidine group was not stable to silica. After much
experimentation, it was found that, when the crude product
was dissolved in a minimum amount of ethyl ether and kept
overnight in the refrigerator, the perhydrooxazepine
derivative (69) crystallized out. Microanalysis and the mass
spectrum of this product showed it to be an isomer of the
desired product (68). Evaporation of the remaining solution
then gave a 45 % yield of the desired oxazolidine ester
(68), for which the infrared, nmr and mass spectral data

were consistent with th& proposed structure.

. '»:
\
> o~ Cx¢.COOCH, NC oS¢ £00CH,
% ) o L 3 o
VS 0
/
CH,

There are two possible structures, (69) or (79), for
the isomeric product. Since it is known®® that oxaZolidines
containing a secondary amine function exist in part as the

tautomeric Schiff base, it could be assumed that oxazolidine

|
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mesylate (49) may exist to a small\extent as the imminium

ion (80). Reaction of the imminium ion with the nucleophile
(67b, 67c) may then give the intermediate (8la), which may,
be gxpect&§~to cyclize to give (79). However, the nmr data\xlJ
of the isomeric product did not fit this structure. One
would also anticipate that (79) would not be stable to
50 % aqueous acetic acid, but the isomeric product was
stable to this condition.

Theréfore, we proposed that the reactién took place
through the sequence, (8la)-> (81b)—>(69), to give the
, rearranged product (69) (see the diagram on the following
page). The nmr spectrum of the isomeric product is then
consistent with the proposed structure (69), in which
the singlet at 6=5.14 ppm came from a proton of O-CH=-O,
and the multiplet at 6=2,4~2,7 ppm from four protons of-
CH, -N~-CH, (compare the two spectra of (68) apd (69)).

Other possible structures were also eliminated
because of the presence of the ester function, double
bond, phthalimido group and the acetonide function in

the infrared spectrum of the isomeric product.

2.
L




CH;-
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M |
> 0~ sc.-coocH,
,CHy '\
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CH]-N§ fo ) c=C
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H
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,CH:; \
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N < x ) -
(79) (8la)
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H ' t
O~ "Xn_COOCH '
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X
Because of the instability of the oxazolidine group

to oxygen nucleophiles, the aldehyde mesylate (66) was
directly treated with the sodium salt (67b) to prepare the
aldehyde methyl ester (82), and the reaction followed by i
nmxr spectroscopy. Prolonged heating of the solution of

the aldehyde mesylate (66) and 1.1 equivalents of the

—

"salt (67b) in deutero-dimethylsulfoxide, however, did not
show the displacement of the mesylate. 2 Equivalents of

the sodium salt also gave the same result.

g

H o) CHO
N7 Hy_ __ COOCH,

o= o
va T
‘s

¥ o]

(66) (82)

We thus concluded that the form;pion of the hemiacetal

(83) had first taken place, and that the mesylate group in

this intermediate was too unreactive to undergo displacement,

even with excess amount of the sodium salt, probably f33/21{
‘ v ¥

steric hindrance and/or the anionic property of the

hemiacetal (83).




> o H COOCH
\ 3
0 C=C/

Since this direct condensation reaction did not
proceed and the ogazolidine mesylate (49) gave a mixture
which was very difficult to separate, it was decided to
use the lhiazolidine mes&late (50).

Treatment of the thiazolidine mesylate (50) with
1.3 equivalents of the sodium salt of the methyl ester
(67b or 84b)in refluxing 2-butanone gave a.quantitative
yield of the thiazolidine methyl ester (85 or 86) as an

amorphous solid, No trace o[f cleavage products could be

;
L

detected in this reaction., 5

L ]
[ ! H ,COOCH ‘
CH-N_ S ‘ Se=c_ C
i X0 NHC Ph
v e , z g ] q»
X"
P o a X =
o N ,x.:( ) H
* (b) X=Na

(50) (84)

"
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Hydfol§sis of the thiazolidine .-function of the
thiazolidine methyl esters (85 and 86) to the corresponding
aldehyde methyl esters (82 and 87) was carried out by
Ereatmept of (85) and“(BG) with mercuric chloride in a
mixture of tetrahydrofuran and water (5:17.
and extraction with benzene afforded a crystalline
aldehyde methyl ester (82) and (87) respectively in up to 3
95 % yield. Hydrolysis of the oxazolidine methyl ester
(68) with 50 % aqueous acetic acid also gave a quantitative

Yield of the aldehyde (82) as a crystalline compound.

-
-0

CHO
’ H\ COOCH
se=c( ’
' 0 \R .

(85) R=Phthalimido

(86) R= NHﬁ Ph
o

)

f
(82) R=Phthalimido

(87) R= NHC Ph
o

Evaporation
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‘ ) Attempts to convert this aldehyde methyl ésteg.‘_b(ez or -
87) to the aldehyde acid (88 or§89) were unsuccessful;
Treatment of the aldehyde methyl esters with 1 equivalent
or an excess amount of sodium hydroxide in aqueous tetra-. .
- ’ hydrofuran, dioxane or methanol, and with Parium hydroxide
in ébsoluﬁe methanol® led to the disappearance of gtarting
;;terial according to thin lafer éhr&métoé}ébﬁy;“ﬁﬁt the

desired aldehyde acid (88 er 89) could not be detected .

and no product could be isolated.

CHO (88) R=Phthalimido S% ‘
’ (89) R==m-m"i Ph
o}

Attempts were then made to remove the methyl ester
function under the mildest hydrolytic conditions possible,
Howeverf after prolonged stirring of the aldehyde methyl
esters in aqueous tetrahydrofuran, dioxane or dimethoxy-
ethane solutions of bicarbonate, only starting material
was recovered, Attempts to generate the aldehyde acid (88
* or 89) using anhy&rous lithium iodide in pyridine 5? ,

lithium iodide in dimethylformamide ®3, lithium iodide and

)



sodium cyanide mixture in dimethylformamide54 or potassium

» . ‘
t-bu toxide in-dimethylsulfoxide®® only led to black tars.

o
S

Also, aﬁ:attempt to remove the methyl ester function of
the aldehyde ester (82) using lithium ﬂ-propylmercaptide
inDhexamethylphosphotriamidef"e gave a complex mixture,
from which a small amount of the n-proéylthiomethylene
compound (90) was isolated. Similar results were obtained
using the oxazolidine methyl ester (68) or the tﬁiazolidine

methyl esters (85-.and 86).:

4
B i -

H COOCH
se=c( .’
CH,CH,CH,S \N o
O
" (90)

Since thénéldehyde esters had a weak enol ether bond,
one would*anticipate that thig ether bogd would be cleaved
by the above nucleophiles (as in case of"mercaptide) and
that the aldehyde function miéht have a role in giving a
complex mixture. We thought Phat if the enol ether bond
and the aldehyde function could be suitably modified, the
resulting molecule would be more stable to the reaction
conditions of the ester hydrolysis. We thus tried to
transform the aldehyde esters (82, 87),F° the imine esters

(91, 92), which are intermediates in the synthetic sequence.

49
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(91) R=Phthatimido

,p)—<R (92) R=NHﬁPh

0

The aldehyde methyl ester (82 or 87) was dissolved
in a number of sol\'reni;s such.as ethanc;l, tetrahydrofuran
or methylene chloride and the solution was saturated with
ammonia at 0°C and then allowed to stand at room temperature.
Thin layer chromatography showed that afte:r: 4 hours, the
starting material ha'd completely reacted, but several new
spots appeared. The mass spectrum of the crude mixture
indicated that the correct product (91 or 92) was formed

but the aminomethylene compound (93) was also obtained.

R=Phthalimido,
' H\C*C/COOCHJ .

(93)




[

In particular, when the phthalimido %pmpound (82) was reacted,
the cleavage of the phthalimido group also occurred. The
phthalimido group is known to be cléaved by amines or
hydrazines®’ ,thus the treatment of (82) with excess ammonia

would have given the mixture of (94) and (95), along with

the other products.

e
0
- i °
@c.—NHZ C"'"NH;
C—NH—R @C-—-Nﬂz
] 1
0o o) .
(94) . (95)

Since these cleavage reactions of the phthalimido
group and of the enol ether bond had occurred with excess
ammonia,kat was decided to use exactly one equivalent of’
ammonia, As a prelimiary reaction, the aldehyde ester (82)“
was treated with 1 equivalent of n-propylamine in methylene

chloride for 6 hours at room temperature. Evaporation of

the solvent, and purification through a silica gel column

S N-CH,CH,CH,

C-H
Hy COOCH,
c=cC o
o N\

(96)
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gave only the Schiff base (96) -without affecting the

phthalimido group or ‘enol ether bond, showing that the
aldehyde function was the most reactive electrophile
in (82). ’ “
Therefore, the aldehyde methyl ester (82 or 97)
was' dissolved in a minimum amount of tetrahydxbflran and
1.1 equivalents of ammonia in tetrahydrofuran was added.
The mixture was tightly covered and kept overnight at
room tempgrature. Drying, evaporation and passage thro&;h
a silicaséelucolumn gave more than 90 % yield of the pure
imine methyl ester (91 or 92) as an amorphous solid.
Attempts to hydrolyze the methyl ester function of
these imine methyl esters (91 and 92) to the imine acids
(97 and 98) were also unsuccessful. Similar results were

obtained as in the attempted hydrolysis of the aldehyde
esters (82 and 87).

‘-;s

> (97) R=Phthalimido

COOH (98) R=NHﬁPh
0~ :‘R _ o
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|

|




Since the methyl esters were used to determine the

best reaction co?ditions of each_step, and thede esters

could not be hydrolyzed without destruction of the whoie
molecule, it was decided to introduce other esters that

would be removed either by extremely mild hydrolytic

conditions or by non-hydrolytic methods.



CHAPTER III

!

BRIEF STUDIES OF 2~BENZYIL.~5-OXAZOLONE DERIVATIVES AND
THEIR APPLICATION TO THE SYNTHESIS OF THE KEY INTERMEDIATE

Whilst the methyl esters did not afford the key
intermediate, we found that hydrobromides of 4-alkoxy-
methylene-2-alkyl or 2-benzyl-5-oxazolone (99) would give
the corresponding free acids (100) by simple treatment

8

with water %8, we attempted to apply this reaction method

to the synthesis of the imine acid (101).

v 0
My l )R Mo g orSOOH
N 70N
/ - -
A1kO H'Br AlkO Nl-i(l‘I R
-
Alk = Me, Et
R =— Benzyl, ’A;nyl,Heptyl
(99) (100)
o 4

~N
N cooH
0’ :NHgCH;Ph

(101)

—
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In a first attempt, we tried to hydrolyze the easily
a&ailable Qqﬁ conjugated 4—ethoxymethylene-2-phényl—s-
oxazoloné (103) . Treatment of the 2-phenyl-5-oxazolone
(103) with acid or base gave the hydroxymethylene
oxazolone (;04)“’. The hydrobromide salt (105), which was
prepared by passing hydrogen bromide gas to thé ethereal
solution of (105),/also did not give the acid (106) when
it was treated with water. It was thus concluded that
the conjugation of the A’double bond with its 2=-substituent,
a phenyl group, stabilized\the oxazolone ring system and

protected the oxazolone from the hydrolysis.

0 o
<coon 0 o .
NHCPh AV />‘Ph H /) Ph
" -
o C,HO” N Ho/c —N
(102) (103) (104)
¢
o w\. . - PR
’ H c
H\C (}-Ph Se=c? OOH
C,H,0” - C,H,0 “NHC Ph
' 0
£105) , (106) %



This result led us to prepare one of the non-conjugated
oxazolones, 4-ethoxymethylene-2-benzyl-S-oxazoloﬁ; (107),

and to examine the ring opening reaction,

o
COOH o
NHC-CH, Ph W "%CH’P"
) o) C,H,07
e ¢
» (108) (107)

The 2=-phenyl derivative (;03) was easily prepared
from the reaction of hippuric acid (102) and triethyl
orthoformate in refluxing acetic anhydridesg. HdWever,
the 2-benzyl derivative (107) could not be prepared by
the same reaction using phenylacety%lycine (Lo08) . Tg.l.c.
showed that a complex mixture containing more than 10
components was obtained, ?ence, we used the following
method to prepare (107) although it was more complicated.

Glycine ethyl ester hydrochloride (109) was converted
in 90 % yield to N-formylglycine ethyl ester (110)6‘, which
was formylated with ethyl formate and sodium ethoxide to
the enolic sodium salt (111). Without purification, the

sodium salt was treated with ethanolic hydrogen chloride,

followed by sodium bicarbonate, and the resulting liquid

“

x
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distilled to give B,B-diethoxyalanine ethyl ester (112)

in 48 % yieldaz. The amiho group of (112) was protected
with phenylacetyl chloride and the ester function was
hydrolyied to give 2-phenylacetamido=-3, 3~diethoxypropionic
acid (113) in more than 90 % yield.s2

COOC,H, COOC,H, H\c ~C,COQ(;2H5
NH, HCI NHC- H Na 07 “NHC -H
1]
0 )
[+
(109) , (110) © (111)
C.,HO_ COOC,H, C,HO_ ,COOH
Cﬂuozf :NH, C,H,0 NHC-CH, Ph
o)
e (112) (113) -

Treatment of the propionic acid (113) with warm
acetic anhydride and evaporation of the solvent affdrded

a quantitative yield of 2-benzyl=-4~gthoxymethylene-5-

-oxazolone (107)63 as a pale yellow oil.

4

The hydrobromide salt (114) was then prepared from
the reaction of this oxazolone (107) with hydrogen
bromid; gas in ethyl ether, or directly from the reaction
of the propionic acid (113) and phosphorus tribromide®®.

When this salt (ll14) was treated with water, an oil
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rapidly separated and solidified. The nmr,|’ infrared and
uv spectra of this product showed that 3-ethoxy=-2-phenyl=-

acetamidoacrylic acid (lls)éggs obtained.

™~
o
% i ‘H COOH
M. )—CH,Ph Ne=c”©C
c N / N\ -
C,HO” H;'_ C,H,0 NHg CH,Ph
*(114) § (115)

Since we confirmed that the hydrobromide salt of the
2~benzyl-5-oxazolone (114) gave the free acid (115) by
simple treatment with water, we attempted to apply this
reaction method to our reaction sequence.

2-Phenylacetamido-3, 3~diethoxypropionic acid@ (113)
was transformed to 4-ethoxymethylene-2-benzyl~5-oxazolone
(107) and the oxazolone was reacted with sodium hydroxide.
Acidification of the aqueous solution gave a 86 % yield
0of 4~hydroxymethylene=2=benzyl=~5-oxazolone (116)63.

The thallium salt (117) was then prepared by the reaction
of (116) wifh thallium ethoxide ;n dioxane. '

Treatment of the thiazolidine mesylate (50) with
an excess amount of the thallium salt (117) in refluxing

dry 2-butanone gave a 94 % yield of the thiazolidine

oxazolone (118) as a pale yellow oil.
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Yo 0
™ )—CH,Ph M )—CH,Ph
B C N +~ /C N
Ho/ T
(116) (117)
CH:,—NI S Y\N/B
g o
_ . )
Xoi[/ﬂns L‘P:\s />-—CH2Ph
o 0~° N
(50) © (118)

Attempts to generate the thiazolidine acid (119) from
the thigiblidine exazolone (118) gave a complex mixture.
When the oxazolone (118) was treated,with hydrogen bromide
iﬁ ethyl ether and the resulting salt was treated with
water, the infrared and uv spectra of the product showed
a substantial amount of the‘unreaéted oxazolone (118) was

4

still present. Since (118) has two amino groups, we

1
¥

thought that these amino groups competitively reacted with

- hydrogen bromide, The resulting mixture of the hydrq~

- bromide salts may have given a mixture of products when
the salts were treated with water. Since no purg product
could be obtained, this particular approach to prepare the

thiazolidine acid (119) had to be abandoned. . L
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S , HO (0] o
CHPh
He COOH H, /) —CH,
//C==C’/ 0" N
o "\NHC-CH,Ph
0
(119) - - (120)

In a next attempt, we tried to remove the thiazolidine
group of the thiazolidine oxazolone (118) to prepare the
aldehyde oxazolone (120) using mercuric chloride in aqueous
acetonitrile or tetrahydrofuran. This reaction also‘gave
a mixture of the pfoducts;'from which only 45 % yield of
a reasonably pure aldehyde oxazolone (120) was iSOiStEGMh*~

by means of preparative thin layer chromatography.

0 o , -
He l )hCHzph
C=l—N -

c,HO7 .
(107)
c, MO ,COOCH, ‘- Mg oo/ SO0C:Hs
C,H,0 NHC-CH,Ph - C,HO/  “NHC-CH,Ph
. , 0 o
A o )
= - (121) (122) g
e ~ 7
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Since it is known that®® the ethanolysis of 2-benzyl-
4~ethoxymethylene-5-oxazolone (107) gives a mixture of the
acetal ester (121) and the acrylic ester (122) within a few
minutes, one would ;;ticipate that the generated a}dehyde
oxazolone (120) may react fhrther with water to give a‘

mixture of (123) and the aldehyde acid (124) along-with

the desired aldehyde oxazolone (120).

o

e

Y

cHO - ? 9 cno :
Hy . ~COOH H\ COGH «
o TN ,C=C :
W NHC-CH,Ph o \NHC-CH,Ph
1] 7\‘
v (123) ~ (124)

n

Using this reasonably pure aldehyde oxazolone (120),

attempts to prepare the imine oxazolone (125) were made.

Howe@e%, when the aldehyde oxazolone was treated with one

equivalent of ammonia in tetrahydrofuran, only the

aminomethylene oxazolone (126) was obtained within a few

- seconds. . ° /

o :

. o
Hy />"CH,Ph
c N

o H,N”

(125) (126)

6l
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Since it was impossible to obtain the thiazolidine

acid (119) or the imine oxazolone (125), we attempteé to
prepare the aldehyde acid (124). The aldehyde oxazolone

(120) was treated with hydrogen bromide and -the precipitated

"

salt (127) was immediately treated with water or sodium

acetate solﬁtion. Although the, uv spectrum of the product
showed that the oxazolone m01ehlwas no longer present and -

the 1n£rared spectrum showeéd the broad peaks at 2500-3300

g:m"1 corresponding, to acxds, thé nmr spectrum indicated

S ]

that the acetonlde functlon was substantially cleaved and

i

the acidic proton could not be detected.

CHO
cHo ‘
| CH,Ph H\._ »COOH
/ 2 /C-—C\
0 NHC-CH,Ph . _
1}
0

HBr -

(127) “ . (128)

We thus corfcluded that, as the highly anhydrous
reaction conditions could not be maintaiqed during the
passing of hydrogen bromide gas int? the ethefeal solution
of the aldehyde oxazolone (120), strong hydroiytic conditions
resulted and thus the acetdnide function did not survive .

and a mixture of products was obtained.
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~
N COOH

/L—<< o
0 NHC-CH,Ph
(o}

(101)

Since we could not prepare the imine oxazolone (125) or
the éldéhyde acid (124), it was impossible to synthesize '
the key intermediate, the imine acid (101), 'and thus we

gave up this approach. kS

Although we failed to prepare the imine acid (101),
é;ethoxy—z-phenylacetamidoacrylic acid (115), which was

derived from 4-ethoxymethyiene-2-benzyl-Suoxazolone . |
hydrobromide salt (114), had a-gimilar molecular-structure h"
as those of the intermediates in our reaction sequence.

From this acid, we made some easily hydrolyzable esters

which might be applied to our reaction sequence as acid

blocking groups, and examined their hygrolysis cgnditions

.

and applicabilities to the reaction sequence.




The first approach dealt with the ﬁilyl ester (128).
Treatment of the acid (115) with t-butyldimethylsilyl
chloride and imidazole in dimethylformamidgjﬁ gave a 68 %
vield of the silyl ester (128), This es%e; was easily
hydrolyzed by teéraethylammonium fluoride in tetrahydro-
furan®® or potassium fluoride in acetonitrile®® within a
few minutes. It was also stable to the saturated ammonia
- solution in methylene chloride for‘24 hours. However,
it was found that the silyl ester was unstable to the
condition in which the thiazolidipe group was c¢leaved with
mercuric chloride in odr reaqtion sequence, being easily
solvolyzed to the free acid (115) in aqueous acetonitrile

f

or tetrahydrofuran within 40 minutes.

-
|
H co i
>C= : OH £y H\ =C/COOS||+
C,H,0 NHC-CH, Ph C,H, 0/  “NHC-CH,Ph
0 0
(115) (128)

r
The next approach involved the trityl ester (129).
'Y
Trityl esters are known to be easily cleaved by weak acid67.
Although the trityl ester (129) was easily prepared from

the acid (115) and trityl pyridinium fluoroborate complex68

'
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(130) in methylene chloride, it also appeared to be
solvolyzed to the free acid (115) in aqueous acetonitrile

or tetrahydrofuran within two hours.

0

H\C_C/COOC(Ph)a Ph,c — N’ \>
70O\ _ —
C:H,0 NHC cn,gh e,
(129) (130)

The other approach utilized the pjmeﬁhoxyphenacyl
ester (131). These esters are known to give the free
acids by photolysissﬁ Treatment of the acid (115) with -
p-methoxyphenac;l.bromide and triethylamine in dimethyl- ;
f?rmamide gave a quantitative yield of the ester (131).
However, an attempt to cleave the ethoxy group with sodium
hydroxide gave only the free acid (115), rather than the
hydroxy ester (132),vfrom which the sodium salt (133)
would have to be prepared for condensation witﬁ the

“

thiazolidihe mesylate (50) to give the thiazolidine

ester {134). ~

.
s
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t——1

C:”so/ \Nch"'cH,Ph
o
(131) R,
1]
R AN -
T o/ NHE CH,Ph
o) )
(133)

’ o}

. 3}

H COOCH,C
Ne=c” 2 *@»ogwe _

H
\c=

Ho’/

o .

[1]
,COOCH,C @ome
“NHC -CH, Ph

\“/\ﬁ> .
't
COOCH C@OMe
N 2 )
o/c_.c .

\m«{g-cu2 Ph
o .

Y

(134)

Having failed to prepare the imine acid (10l), using

2-benzyl-5-oxazolone derivatives, we gave up this approach

and attempted to use the benzyl esteré which would be N

hydrogenolyzed to the free acid, This will be discussed

in the next chapter.
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CHAPTER IV

4

SYNTHETIC STUDIES TOWARDS THE PREPARATION OF THE OXACEPHAM

DERIVATIVE USING BENZYI, AND p-NITROBENZYI, ESTERS AS ACID

PROTECTING GROUES
/ e

Benzyl esters are known to be easily hydrogenolyzed o
0

-

to the corresponding acids under neutral conditions’
and p-nitrobenzyiﬂésters are hydrogenolyzed even faster
than benzyl esteis under the same reaction conditions".

We attemﬁted to use these benzyl esters as acid protecting
groups in our reaction sequence to synthesize the oxacepham

derivatives (45)

Exg CONH-X

0

N
0" JlNHﬁ—R

H H
, o

(45) 4

Phthaloylglycine benzyl ester was formylated with
benzyl formate and sodium hydride to benzyl 2~phthalimido~
3-hydroxyacrylate (135a)%!, and its thallium salt (135b)
was prepared by treatment of (135a) with thallium ethoxide. .
2-Benzamido-3~hydroxyacrylic acid benzyl ester (136a)72 and

the corresponding p-nitrobenzyl ester (137a) were also
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. prepared from the reaction of 4-hyd::oxymethylene-2-pheny1-
5-0xazoléne (104) with benzyl alcohol or p-nitrobenzyl
alcohol respectively, and their sodium salts (136b, 137b)
were prepared from the reaction of the hydroxy compounds

with sodium ethoxide in ethanol.

; He ,COOCH,Ph
: c=cC
I v -
. b) X=T
‘ p (b) X |
\ {'
I
, / N oo
. J . XO NHC Ph X0/ SNHC Ph _
/ [}
] (b) X=Na (b) X=Na
(136) (137)
— X o N CH:N___S
Ph '
H\c N/>_ O——-\/OMS §
HO” ><
0—

(50)

’ — (104)



o

Condensation of the thiazolidine mesylate (50) with
the salts (135b, 136b or 137b) in refluxing 2~butanone
gave a quantitative yield of the thiazolidine esters

(138, '139 and 140).

% \N % \N/ ’ o
00 o0 .
S -
O /C-—C :

(138) R=Phthalimid .

(139) R= NHCPh (140)

Hydrolysis of the thiazolidine group of the thiazolidine
egters to the corresponding aldehydes (141, 142 and 143)

was also carried out using mercuric chloride in aqueous _
-

tetrahydrofuran, in which the phthalimido aldehyde ester
(141) was obtained in a éuantitative yield, but the other

aldehyde esters (142, 143) in only 75% yield.

Y . o

CHO 4 CHO

H COOCH,Ph \ H COOCH @NO,

\
o~ _C< 2 )C*—C< 9
Y 0 NHCPh
0

(141) R=Phthalimide

(142) R=NH(|3|Ph ’ (143)
o)




Attempts to convert these aldehyde esters to the
aldehyde acids (88, 89) by hydrogenolysis using palladium
on charcoal in ethanol or ethyl acetate were unsuccessful.
Although the ester function completely disappeared within
2 ﬁours, the infrared and nmr spectra of the product indi-
cated that the aldehyde group was no longer present. This
wasw confirmed by the hyci;:a~zone formation - . which did not
take place when 2,4~dinitrophenylhydrazine was added to
the methanolic solution of the product. Attempts to
hydrogenolyze the thiazolidine esters (138, 139iandl 140) to
. the thiazolidine acids (144, 145) were also unsuccessful.

Only starting materials were recovered after 24 hours.

Hy._/CO0H H/\C_C/COOH
o T "\QR 0 R

(88) R=Phthalimido (144) R=pPhthalimido

(89) R=NHCPh (145) R=NHCPh
, i !

Since the aldehyde acids or the thiazolidine acids
could not be produced, the imine esters (146, 147 and 148)
were prepared by t:;eatment”of the aldehyde esters (141, 142
and 143) with 1.1 equivalents of ammonia in tetrahydrofuran.

In general, it is known that imines are more stable

‘ to hydrogenolysis than aldehydes,
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“ .
SN COOCH,Ph : N coocu,@no,
0~ ( R 0~ /\NH(':lPh

- 0
(146) R=Phthalimido

(147) R=NH‘C|Ph " (148)
0

We then attempted to hydrogenolyze;tpe benzyl ester
function of the imine esters tomprepare the imine acids
(97, 98). When the hydrogenolysis of (146) was performed
using palladium on charcoal in ethanol or ethyl acetate
at l/atm, a product was obtained within 2 hours, in which
the infrared spect‘rum showed the disaﬁpearance of the
ester peak at 1760 cm™'.

“

(97) R=Phthalimido

J——< 98 =NHC Ph
0 R (%8) R il

o
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This product, however, was not extractable with

sodium bicarbonate or sodium hydroxide, and its nmr and
mass spectré were quite different from the expétted ones,
Although the benzyl group was no longer present in the
nmr spectrum, the expected acidic proton of the imine
acid (97) or the proton on the imminium nitrogen of the
zwitterion (149) was not observed. Furthermore, the two
protons, H,; and Hy, which had appeared at §=7.82 ppm
and 8§=5.74-5.98 ppm respectively in the imine ester
(146), disappeared. Eidﬁt protons a;peared as broad
multiplets at &=2.94-4.03 ppm, “Five of these protons,
Ho. and four protons adjacent’ to oxydgen, correspénded to.
the five protons which had appeared in this region in

(l46) . No change was observed for the absorptions of

the phthalimido and acetonide functions.

~

@
;;K( Ha o Ha
Y ~N + -

~N COOCH, Ph NH coo
0” k ILN’°=° °/+—1<N-—C=°

Y/

J 4

: o

(146) (149)
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. The mass spectrum of the product :did not show the
molecular ion (M*=374) of the imine acid (97); but a’
strong peak appeared at m/e=330 which wa§ the parent

" pegk of the decarboxylated product of thenimine acid (97)

(molgcular weight of the decarboxylated compound is 330).
This produc\f_;. #lso did not undergo the Ugi reaction when

it was treated with ethylu . 3‘.sopropy175 , Or cyclohexyl76

isonitrile in a two phase mixture of water and petroleum

ether,.

Similar results were obtained when the other imine

"\ esters (147, 148) were submitted to the hydrogenolysis-

Ugi reaction sequence.

H—o0

Y L'\ SN coow
'~ X

C——C R

(150) _ (151) N

It is known’’ that the B~imino acids of the type
(150) are easily decarboxylated by the mechanism shown
in (150), and there is also some old experimental

. 7
ev:n.dence33 78

that the imine acids of the type (151)
were decarboxylated even on standing at room temperature.

. Therefore we concluded that, on the basis of the infrared




S

«
-
.

and‘ nmx spectral data of the product, the hydrogenolysis
of the imine esters (146, 147, 148) produced the desired
imine’ acids }(97, 98), but that it was rapidly isomeriged
to (i%i), which then lost‘carbon dioxide and isomerized
to give ther decarboxylated produc£ (153)., The nmr spectral
data were then consistent with this structure (153), in
which the broad multiplets of eight p}’:otons at-S=2,94— -

4.03 ppm consisted of four protons adjacent to oxygen

) and the other four protons adjacent to nitrogen.

. }

R=Phthalimido,
& R =Phthalimido, '

NHC Ph
NHCPh 5
1t o
0 - -
(152) . . (153)

Having failed to synthesize the oxacepham derivatives
using benzyl and p-nitrcbenzyl eéters, we attempted to use

BB ., B -trichloroethyl esters as acid protécting groups

_and this is discussed in the next chapter. -

74
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CHAPTER V

SYNTHESIS OF AN OXACEPHAM DERIVATIVE

B.B.B-Trichloroethyl esters are known to be cleaved
6,76
’

to the corresponding acids by zinc-acetic acid
; 0 . .

activated 21nc-tetrahydrofurana or potentiostatic

electrolysisa1. Therefore we attempted to use these

. . \ , . / '
esters as acid protecting groups in our reaction sequence

for the synthesis of the oxacepham qérivatives (45).

3

‘ )% CONH-X ,

(45)

In thg course of the attempted synthesis of the cepham
derivative (22), RoSebery25 found that the ;;thanolyéis of
the 2-pheny1 4-th1oa1koxymethylene—s-oxazolones (154) gave
the methyl esters (155) in the presénce of trlethylamine.

&




o R .M

o] H ,COOCH,
Ne N "ALKS NHCPh
ALkS” : o) R
/ -
(154) . (155)

. {
In a first attempt to prepare the S,8,8 ~trichloro-

ethyl esters, we tried to apply thig reactién.,

4-Hydroxymethylene-2-phefiyl~5-oxazolone sodium salt (156)

‘\&s condensec} wij:fm the thiazolidine mesylate (50) in
E>4

-

- -
il hel
» ¢ .
¢

—
f
- -

(157) . . -
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refluxing 2-butanone anq the resulting thiazolidine .
oxazolone (157) was treated with ,8,8-trichloroethanol
in the presence or absence of triethyiamine. However,
this alcoholysis did not give the pure thiazolidine
ester g}iﬁ){"ghe ), infrared and mass spectral data
of the prodict showed that it consisted of a mixture of

1

about gqual amounts of the desired thiazolidine ester

|
(158) and the acetal ester (159).

5( \ /\ | .
\ . °2<0\~/\: OCH,CCl,

S
~
H COOCH.CCI S
AN "—C'< 2 3 H\ /COOCH:CCI:
o : h —C
NHEP 07 I “NHcPh
i
LY "; —_— T
¢ / o
~'§"’"
(158) . . (159)

While the ring opening reaction of the thiazolidine
_oxazolone (157) did not give the ppre‘ester (158), -we
noticéd that, during the study of 2-benzy1—5-oxazolonés,
the alcoholysis of the 4-hydroxymethylene-ﬁ;oiazolones
(L04, 116) would give the 3-hyd;oxy acrylafes in "an.
acceptable ¥ield82.
Treatment of phe 4-hydroxymethyleqe-Shoxazolonegc
(104, 116) with 1 equivalent of f,8,B-trichloroethanol

in refluxing benzene and subsequént recrystallization

4
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, 0, o % 0
H.Ph
H />‘5Ph H\ /) CH,
Se=loN Ho’c
o HO”
(104) (116) .
\ \
H COOCH,CCI H ' ,COOCH CCI
&\C—C/ ,CCé, >C=C< e
X0/ “NHCPh X0 NHC-CH, Ph
¢ (o] Y ' (8]
(a) X=H . (a) Xs=H ’
(b) X= Na (b) X=Na
(160) (Lel)
‘ \

afforded a 70-75 % yield of the hydroxy acrylates (160a,
161a) The sodium salts (160b 161b) were then prepared
in .94 % yield from the hyéroxy acrylates and sodium

ethoxide in ethanol.

-~
T

, Condensation of the thiazolidine mesylate (50) with

the sodium salt of the benzamido acrylate (160b) in B

R PP

refluxing 2-but§none gave the thiazolidine ester (158),

which was contaminated with variable amounts of the
v \"
oxazolone (157). A careful study showed that the amount

1

of the contaminated oxazolone (157) increased with

temperature and reaction time. When the bath temperature

‘ "
.



\
was kept.at 110°C for 24 hours, the amount of the contami-

nating oxazolone was nearly 10 % of the product. However,
when the reaction was performea at 8o’c for/6 hours, the

infrared and uv spectra of the product showed that no

oxazolone was present.

~

N '
‘ AN
0 /> . Y N/Xo
’ O
H, __ _/t00CHCCl, t—i/L\S >—Ph .
o/C H~ N

=c
, NHCPh : L N
o

(158) o : (157) ’
t ~ /
4
" The sodium salt of the phenylacetamido acrylate (161b)
was also condensed with the thMazolidine mesylate (50),

and the resulting phenylacetamidodhiazolidine ester (162)

was not_contaminated with the cor;}sponding oxazolone-

-

i {11'8), even if the bath temperature was raised to 110°c.

\ > N - ' \ 4
L] % (\ o . )
S CH.CQl © °
- H, _coocHCca, S />—CH2Ph |
=C H\ “
~0 \NHCCH;Ph o =N 3
, ‘ i f

(162) s (118) ! o
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| : - |
. This result was expected, since phenylacetylglycine (108)
v
did not.cyclize to give the oxazolone derivative (107)

when it was treated with triethyl orthoformate in the
/ \

presence of acetic anhydride (see chapter III).

o ) I3 O
CHO CHO .

My, /C00CH CC, My, _ . /COOCH,CCl,

NHFPh . NHECH,P_h
(163) o (164) 7 ,
-4
' n N
//ﬁ\“ The aldehyde egters (163,. 164) were then prepared in ,

75485 % yield by treatment of the thiazolidine esters

o

>(158, 162) with mercuric chloride in aqueous acetonitrile,
l )

Treatment of the thiazolidine ester (158) with zinc

>

" dust in 90 % aqueous acetic acid also afforded the

thiazolidine acid (142) in 70 % yield. o

H/\C__ /COOH ;
o \NHC Ph
S a

80
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Attempts tg pféparé“the aldehyde acid (89), however
were unsuccessful., Treatment of the aldehyde ester (163)
with zinc dust in 90 ¥ aqueous aceticgdéid, and the )
treatment of the thiazolidine acid (145) with mercuric
éh;oride in aqueous acetonitrile did not give the pure
aldehyde acid (89). The pﬁoductwwas extractable with

sodium bicarbonate and its infrared spectrum showed the

4

Y.,

? % cro Ly
H COOH t
D=
. 0 NHCPh
o ! o ~
(89)

T

broad peaks at 2500-3300 cm™ corresponding to an acid.

The correct m@croanalysis was also obtained% However,

the broad nmr spectrum and the cémplicated mass spsctrum ®

of this product made a proper interpretation impossible.’
Since the expected:aldehs}dg acid (89) had double

bond, aldehyde and acid functiogs, it might be anticipated

that the pppdﬁét might be hydrated and cyc¥ized, and/oi

the pértial formation of the anhydride might hawve taken

place to give the complicdated nmr spectrum.
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Treatment of the aldehyde ester (163) with activated
zinc in refluxing fetrahydrofuran80 gave only the starting

81 of the aldehyde

material. Potentiostatic electrolysis
ester (163) was attempted using a mercury pool electrode

as the cathode and lithium perchlorate in dry methanol

as an electrolyte. At a potential difference of -1.65 V,

a complex mixture was obtained, in which the trichloroethyl

group was not cleaved, Therefore we gave up tiuis particular
an B H

approach to prepare the aldehyde acid (89).

o
i_4/4§ K : X
1 "N coocHecr, Nq COOCHLCI,
~o” <NHC Ph 0~ /\NH(‘ECH;Ph -
, I 0
\
(165) - (166)

ance‘the gsynthesis of the aldehyde acid (89) appeared
" to be quite difficult, the imine esters (165, 166) weré
prepared by treatment of the aldehyde esters (163, 164)
withll.i equivalents of ammonia in tetrahydrofuran.

It sﬁould be noted that whén,the’aldehyde ester (163)'was
treated yith excess ammonia, the trichlorogthyl group

\, . J
also readEgd along with the aldehyde function.

82
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The next step was the preparation of the imine acid

Attempts to remove the trichloroethyl group of the

(98) .
in refluxing

imine ester (165) using activated zinc
or controlled potential electrolysis

Accordingly, we attempted to cleave the® trichloro-

failed.,
When the imine ester

ethyl group usinq zinc-acetic acid
(165) was treated with zinc dust in 90 % aqueous acetic

acid at 0°c, thin layer chromatography showed that the

starting material had completely disappeafed within 2

hours.

- l
- -
-
B -
v

~
N COOH

o 1NHcph;

(98)

However, it appeared to be very difficult to purify

the generated imine acid (98) because of the following

reasons: i) The imine acid was so eaSLly decarboxylated

L

(mentioned in cﬁapter IV) that we had to keep the reactlon
and purificdtion periods as short as possible. ii) The

isoelectric point of the neutral amino acids is generally

pH 5-6. Since the reaction was performed in 90 % aqueous -



i

acetic acid (pH=2.5), the generated imine acid (98) may

exist .as the prbtonated form (167). This protonated

product may then be removed by washing with water during

the purification step. iii) The generated imine acid

formed the zinc sal£ (168), which was usually cleaved

with hydfochloric acid. However, in our reaction, hydro-
chloric acid dould not be used because the imine acid had

an active imminium nitrogen, which ma§ form a hydrochloride
salt. This salt may also be“removed during the purification b

step.

+

»

XN T

. \ CO00-Zn—
SNH coon s L ¢ o2
0’ :NHCPh NHC Ph
" ]
» o \ . o
(167). ) (168)

v

o
“
Because of the above reasons, we planned to perform
the cleavage reaction and the subsequent Ugi reaction
without isolating the pure imine acid (98).
The 'imine ester (165) was stirred vigorously with an
excess amount of fresh zinc dust in 90 % aqueous acetig,

acid at boc for 2 hours. The unreacted zinc was then

filtered off and the filtrate quickly evaporated under

>y

{ .
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high vacumm. The resulting white solid was dissolved in
a minimum of methylene chloride and hydrogen sulfide was
passed into the solution to cleave the zinc salt. Zinc
sulfide was filtered off and the filtrate diluted with
petroleum ether. Phosphate buffer (pH 6) and éthyl

isonitrile were added and the two phase mixture was

~w1vy

vigorously stirred for 12 hours at room temperature. The
crude product was observed to contain the B-lactam (53) ’
as evidenced by its ‘infrared absorption. The crude mixture

was purified by means of thin layer chrométography.

’)( CONH-CH,CH,
0O |.H

ﬂo | F
: NHCOPh
H H .

(53) ‘

thhough the yield of this reaction was only 5 %,
the infrared spectrum of the oily product showed the
B-lactam carbonyl absorption at 1750 cm™ and its nmr
spectrumowas consistent with the oxacepham dgrivative (53)

(see pages89 and 90 for the nmr and infrareé\spectrum).

L

A
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The mass spectrum of (53) showed m/e’ = 403 (M*) and,

. . 84
the characteristic fragmentations of the fB-lactam ring  ;

" m/e = 243 (M%) for the ion (169) and m/e = 161 "(M*) for

the-iPn (170).
]

1

5*% CONHC,H,
Ph-C-NH-CH=C%0

+
" \

v " »

o/l 0 '

(169) - (170)

This reaction was repeated several times but the yield

of the oxacepham derivative (53) could not be improved. We

. felt that this low yield was, due to the decarbdxylation of

the imine acid (98) as it was produéed during the hydrolysis
of the imine ester (165). The mass spectrum of the crude {
product showed a parent peak (m/e = 304) corresponding to
this decarboxylated product. Because of this easy decarbox-
ylation of the imine acid, we felt that an acid protecting
group which can be hydrolyzed quickly under mild condition
should be introduced. The most suitable one would be
t-butyldimethylsi}yl ester.

During the course of our study, we found that the '
‘siiyl ester (128) was stable to ammonia‘in methylene ) )
chloride for 24 hours but solvolyzed.within 40 minutes

in aqueous acetonitrile or tetrahydrofuran (see p. 64).

This would rule out the possibility of cleaving the
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& v
f

N s

a

thiazolidine group in the presence of the 8ilyl ester with
mercuric chloride in aqueous tetrahydrofuran. However,
the alternative method to cleave the thiaZolidine group
using m-chloroperbenzoic acid in methylene chloride could

be safely used without solvolysis of the silyl ester (see

P. 37). Furthermore, the thiazolidine acid (145) Which‘can‘

be used to prepare the thiazolidine silyl ester (171) was
readily obtained from the trichloroethyl-ester in good

yield (see p. 80).

¢ ’ | 3{ \’(X - %
Hy ,coo?—}— S

C:H0/  “NHC-CH,Ph Hy /COOH

o ( o \NHCIE Ph
0

——

(128) (145)

-

. On the basis of the above information , we prepared
the thiazolidine silyl ester (171) from t-butyldimethyl-
chlorosilane and thiazolidine acid (145) in 80 % yield.
The thiazolidine group of (171) was then cleaved with
2.1 equivalents of m-chloroperbe;zoic acid in methylene
chloride to give the aldehyde silyl ester (172) in more
than 75 % yield.

The aldehyde silyl ester (172): would in principle be
,transformed to the imine ester (173) by treatment with

1 equivalent of ammonia. This imine ester can then be
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solvolyzed with aqueous tetfﬁhydrofuran or cleaved with -

tetraethylammonium fluoride to give the imine acid (98) -
within a few minutes. Without isolation of this igtgr-
mediate, tpe Ugi reaction can be done in situ to prepare
the oxacep&am derivative (53). These remaining reactions

!

will be chried.out by Karl Grozinger.

X

CHO |
H coos;i
\C==c< |
0 NHC Ph
(171) v (172)

\ X CONH-CH,CH,

N . e (0]
N coo?—+-’ /i:jl
° Mﬁﬁph : 0~: {“NHCOPh
o H H.
\
{173) (53)

" 77 Because of the large number of compounds mentioned

"in connection with the synthesis of the oxacepham deri-

vatiye (53), the complete synthetic sequence is .

éummbfizeﬁ on pages 91 and 92.
/ I//’ ) K !

i
'

14

‘88




89

.

.. (E10a0)

a4

(€9) 30 umijzoads xuN

s




90

' - BQUrAT I
0002 oL 005t s06t oust _eece

¢ M | DR T ?
i R R

o b el ¢ ———— . mtem = —ee gy

[]
'

T
I ..

|

i

!

]

l
e -
!

}
zl.‘-

!
1
hl
-
t
1
[}
i
!
H
!
1
2

—————
-
——

|
L
;
|
)
|
i
]

!

|
$

-
2

'

|
S
i

(I
l

=
i
1---

el h

R

-

By SOV SRy S

OrA Vmiauri])



. : Io
HO— | T H ,)-Ph
c N

wr“ s w’ ¢
M\ o/ CO0CH;CCl,
o OH . . Rro/ “NHCPh
Xo A

lwo% . “l"’o/o

*

CHr'r;-—l )
. W\___,CO0CH,CCl,
o OMe it NE B/ “NHC Ph
b



-t

l"‘z
%\Q'

H, ___,CO0CHccl,
0 F=C

\NHsPh
)

SN coocHec,

‘ :Nﬂﬁ Ph
o)

;

) CONH-CH,CH,
0




Cv

’ \ , PROPOSALS FOR FURTHER STUDY
[
foy T » The work that has been discussed in the prece ding

chapters is a series of ¢studies aimed at synthesis 6f

i oxacepham derivatives. As discussed in the last chapter,
furthef: studies to improve the yield of the oxacepham

. derivative (53) using the t-butyldimethylsilyl protecting

gréup will be undertaken by a co-worker in our laboratory.

- . X CONH-CH,CH, CONHCH ,CH,
- o o HO HO o
g i
’ : | : NHCOPh _ 0~ F INHCOPh
H H ) - HH
(53) (174) )

With a reasor;able vield of (53), the following work
should }?e undertaken to prepare oxacephem derivatives,
The hydrolysis of the acetonide function of (53) usin
trifluoroacetic acid will give the adiol (1?4) . From
this diol, two possible oxacephem derivatives (47) and
(177) can be prepared. |

For the preparation of (47), selective proi:ection
of the primary alcohol of (174) with ac?::ic ;nhydride in
pyridine and elimination of A'the tertiary alcohol possibly

‘ with methanesulfonyl chloride in triethylamine will give




-

“ .
ONHC,H, * ONHCH,
0 )
CH:?O Z “N— CH,ﬁO = N-——/’9
; o
9 o/l._‘\\ NH COPh B o/'s‘“"l\ NHCO Ph
H H H H
(175) (176)
= OOH
~ “CH,CO 7 n—tP c”’ﬁ
; I
v
(47) e 177

.

"
1

For ‘the preparation’ of (177), the diol (174) can be
cleaved with sodium m e taperiodate and the resulting enol
can be protected with acetyl chloride in pﬁ(riciine to give
(176) . Hydrolysis of the two amide groups of (176) and
separation of the two isome\rs will give (177). This

‘ . compound can lead to a new series -of oxacephalosporins.,
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. ’ - CONTRIBUTIONS TO KNOWLEDGE

’

A total synthesis of an oxacepham derivative starting

from D-mannitol was accomplished.

{ An improved procedufe for the preparation of éxazol-

idine mesylate starting from D-mannitol was developed.

]

]

A new aldehydé protecting group, "N-methylthiazolidine,
was devé’loped. It is stable, to acids':, hydrogenolysis, v
acylating agents and nucleophilic attack by oxygen anions,
but can be easily removed with mecuric chloride or with

m-chloroperbenzoic acid.

o

]

Many new compounds were prepared and characterized.

A Y

o

r—— T _—-‘p\

»




P

otherwise specified.
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| EXPERIMENTAL \ :
o .
-

|

ﬁelting points wer? determined on a Gallenkamp

™

block and are uncorrecteﬁ. ;

r
)( Mass spectra were obtained on an AEI-MS~902 mass
gpectrometer at 70eV uséng a direct insertion probe.

Nmr spectra were recorded on Varian T-60 and HA-100
spectrometefs using tetramethylsilane as an internal
standard. Doublets, triplets, and quartets in the nmr -
spectral d&&é were recorded as the center of the peaks
and multiplets‘?s their range. of absorption. Ir spectra
were obtained on a Unicam SP-1000 and Perkin-Elmer

PE-257 infrared spectrophotometters. Uv spectra were

recorded using a Unicam' SP-800 spectrophotometer.
!

Analytical thin layer chromatography was performed

. on silica gel coated plastic plates (Eastman Kodak) and

on a preparative scale on silica gel (Merck UVags ,386 )
coated glass plates. Woelm alumina (neutral, Act. I)
and silica gel (Act. III) were used for column

chromatography. ¥

Microanalyses were carried out by C. Daessle,

Montreal. All chemicals are "Reagent Grade" unless

o
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EXPERIMENTAL - CHAPTER I

Pregaratioﬁ of mannitol diacetonide (54)
D-Mannitol (182 gi was suspended in a m%xture of
acetone (1500 ml) and dimethoxypropane (180 g).
p-Toluenesulfonic acid (1 g) was added and the suspensién
was stirred at room teﬁﬁérature for one hour. Unreacted
+ mannitol (90 - 100 g) was filtered off and the filtrate
shaken with anhydrous potassium carbonate (50 g) until
it was c?lorless. Potassium carbonate was fi%tered offh o
and the filtrate evaporated to dryness in vacuo.: The -
semi-solid residue was transferred to an Erlenmeyer flask }
cohtaining petroleum etﬁe;ﬁ(GO - 80°C) (3500 ml) and N ¢
heated to boiling with good stirring until almost all- :

the solid had been dissolved. The undissolved material _

S

was immediately filtéred and the filtrate heated to \

boiling, The solution was cooled and the product - .

collected by filtration, waéhed with cold petroleum

ether and allowed to dry. |

Yield: 30 g, mp . 119 - 121°C (1it)® 119°%¢)

Nmr (CDCl,;):861.37, 1.42, (each s, 6H, acetonide), 2.70
(broad s,'2H, OoH), 3.6 =4.25 ppm (m, B8H)

Ir (KBr): 3400, 3280, 3000, 2946, 2900, 1427, 1396,

1385, 1374, 1169, 1135, 1078, 1050 cm™
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‘ Preparation of g;xcgroli\ acetonide (63)
\ :

- The procedure of Renoll and Newman'® was followed and
the fraction boiling at 89-92°C/17-18 mmHg (1it>° 80-
?;96/11 mmHg) was collected,

Yield: 91 %
Nmr (CQC13): 61.37, 1.42 (each s, 6H, acetonide),
. 3.5=4.3 ppm (m, 6H) ) -

Ir (CCls): 3490, 3000-2905, 1470, 1392, 1378, 1221,

1167, 1040, 1080 cm™

Preparation of glyceraldehyde acetonide (55)

N

e

The procedure of Baer and Fischer®® was followed.
Thé product was a colorless oil and distilled at 55-58°C/
22 mmig (1it2® 35-42°c/8-11 mmHg).
Yield: 75 %
Nmxr (CDCl;): § 1.43, 1.49 (each ;, 6H, aceton}de),
3.8-4.33 (m, 3H, OCHy; and OCH), 9.7 ppm (d;
J=4Hz, 1H, aldehyde) -

=

Ir (neat): 3450, 1725 (aldehyde), 1260, 1220, 1080 cm™'

Preparation of the dioxan (56) from (55)

' The procedure of Rossy:35 was followed using glyceé-

aldehyde acetonide (55), formaldehyde and pgggzgiuq\

. .
. T N o - T o
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carbonate in aqueous methanol. We found, however, this

PrIvv

product was contaminated with an impurity,

Direct preparation{of the dioxan (56) from (Shl

Mannitol diacetonide - (54) (24 g) was dissolved in a

pH 6 buffer solution (400 ml) and sodidm periodate (20.4 g)
was added, After the ;ixture was stirred for 30 minutes,
40 % formaldehyde (54 ;1) and a solution ;f potassium
carbonate (23.1 g) in water (70 ml) we;e'added. The
‘mixture was stirre@ overnight at room temperature and
extracted three times with methylene chloride. The
combined extracts were dried over anhydrous sodium sulfate,
filtered and evaporated in vacuo. The crystalline product
was pure enough for further use. . T
Yield: 28.3 g (81 %), mp: 89-90°C /
Nmr (Acetone-dg): 8 1.49 (s, 6H, acetonide), 3.9 (ABq,

J=10 Hz, 2H, OCHp;), 4.2 (ABq, J=10 Hz, 2H,

OCH,), 4.02-5.97 (broad, 1H, OH), 5.0 (&Bq,

J=7 Hz, 2H, O~CH;=0), 5.12 ppm (s, 1H, O-CH=0) '
If (KBr):' 3405f 3100-2910, 1470, 1396, 1384, 1220, 1162,

&

1090, 1080 cm
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Preparation of the oxazolidine alcohol (59

The dioxan (56) (25 g), prepared directly from
mannitol»diacetonide, was dissolved in benzene (500 npl)
and N-methylethanolamine (20.7 g=2.l equivalents) was
added, Slow distillation resulted in the removal of water.
After 400 ml of‘benzene had been collected, the remaining
benzene was evaporated in vacuo. The residue was distilled
under high vacuum and the fraction boiling at lOO-lO3°C/0.5
mmHg was collecta?.
Yield: 25.8 g (89 %) o
N;i (CDC1l3): 6 1.42 (s, 6H, acetonide), 2.60 (s, 3H, N-CH;)
© 2.52-3.47 (m, 2H, N=CHz~CHz2~0), 3.50~4.20 (m,
7H, N-CH,=CH, -;o, N-CH-0, CH,=-OH and CH;-0C),
4.48 ppm (broad s, 1H, OH)
Ir (neat): 3600~3300 (OH), 2810 (N-CHj), 1470, 1380, 1260,

// : 1225, 1150, 1080, 1070, 1050 cm™

Preparation of thé oxazolidine mesylate (49) .

The pureé oxazolidine alcohol (59) (27.6 g) was
dissolved in a mixture of triethylamine (19.4g=1l.5 equi&.)
and methylene chloride (250 ml). The solution was cooled
to =50°C in a dry ice-~acetone bath and freshly distilled
.ﬁethanesulfonyl chloride (16.2 g) in methylene chloride

(50 ml) was added dropwise over a period of 2 hours with
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éood stirring. The mixture wéé then poured into water
(200 ml) in a separatery funnel and the organic layer
was washed twice more with ice water. The methylene
chloride solution was dried over anhydrous sodium sulfate
9nd evaporated in vacuo. The oily residue whiéh crystallized
after treatment with ethyl ether and cooling to —20°C, was
collected by filtration and dried in vacuo.
Yield: 37.6 g (100 %), mp: 83-84°C
Nmr (CDCl3): & 1.42 (s, 6H, acetonide), 2.47 (s, 3H, N-

CH3), 2.42-3.38 (m, 2H, N-CH,~CH,-0), 3.03 (s,

3H, CH3-S80;), 3.67-4.30 ppm (m, 7H, O—ng-cq?-N,

N-CH-0, S02-~0-CH2 and Ow=CHj=C) )

Ir (KBr): 2820, 1475, 1380, 122, 1180, 1080, 1010 om™

Separation of the dimesylate (61) from the crude mesylation

Product, ,

The dimesylate (61) was purified as follows.

After mesylation of the impure oxazolidine alcohol
(59), prepared from the impure dioxan (56), the pure
oxazolidine mesylaEe (49) was‘separated by recrystalli-
zation of the c£ude product from petroleum ether (60-80°C).
The residue was then passed through an alumina eolumn using
a mixture of methylene c?loride and ethyl ether (1:1) as
eluent . and the solvent evaporated. The resulting

,’solid‘was recrystallized from petroleum ether (60—80°C)—

methylene chloride (1:1). ¢
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mp: 67-68°C

" Nmr (CDCly): & f.47 (s, 6H, acetonide), 3.08 (s, 6H, two

Ir (KBr):

13
_ Analysis:

S09~CHj ), 3.98 (s, 2H, OCH,), 4.25 ppm (s,

4H, S0O2=~0-CH,)

M

. 3500, 3008, 2958, 1495, 1470, 1430, .1396, 1385,

1355, 1290,51270, 1224, 1188, 1128, 1050 cm™

Calculated for CoH.0gS,: C,34.28; H, 5.96;

S, 20.23, Found: C, 34.11; H, 5.81; S, 20.34

- Preparation of the aldehyde mesylate (66) from the

oxazolidine mesylate (49)

The procedure of Rossy’° was followed.

The oxazolidine mesylate (49) (590 mg) was dissolved

in 50 % aqueous acetic ac1d (20 ml) and the mlxture was'

stirred vigorously for 2 hours at room temperature,

Water

was added and the aqueous solution extracted three times

with chloroform.

water. The combined extracts were dried over anhydrous

Each extract was washed twice with cold

sodium sulfate and evaporated to dryness in vacuo, which

Atrne e

gave a colorless oil,

Yield: 464

Nmy (CDClgjz):

mg (97.5%)

8 1.45, 1.50 (each s, 6H, acetonide), 3.
(s, 3H, SOZ-CHZ;//4.O7 (ABq, J=8 Hz, 2H,
CH;—-0-C) 4.36

(s, 1H, H-C=0)

o

2H, SOQ-O"CHz),u 9.6 ppm

9
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Ir (neat): 3475, 2997, 2945, 2900, 1725 (aldetyde),"

T

' 1448, 1328, 1247, 1210, 1165, 1050 cm™'

%

8

Preparation of N-methylaziridine (75) -

A mixture of N-methylethanolamine (58) (150 g) and

* concentrated sulfuric acid (210 g) was heated slowly to //

‘

130°¢ and water was slowly distilled off. Wh?n all the /i
water had been reméved; the temperéfure was raised to

250°C and the mixture cooled immediately. The black

solid was dissolved in water (700 ml) and a sodium hydroxide

solution (400 g in 500 ml of water) was added. The mixture
’ & .
was slowly distilled with vigorous stirring and 40£wm1~q§

e

distillate consisting of aziridine and water was collected
in an ice bath, Potassium hydroxide (100 g) was added in
portions tovkhe distillate with cooling, and the separated
organic layer collected and distilled. The fraétién béiling
at 27-31°C (lit.° 26-30°C) was collected.

Yield: 45.6 g (40 %)

Nmr (CDC13):.5 0.95 and 1.65 (each t, 4H, CH,~CHp), 2.27

~

ppm (s, 3H, N~=CHj)

- _Ir {CHCl;): 3100-2800, 2500, 1670, 1470, 1309, 1100, 995 cm™

o

“greéagg;iog of N—methxlamigoe;hanethiol (73)

-

Dry methanol (300 ml) was cooled in a dry ice-acetone

<




bath and saturated with hydrogen sulfide. A solution of

N-methylaziridine (75) (36 g) in qry methanol (200 ml)
was added dropwise to this mixture with slow bﬁbbling of
hydrogen sulfide for 2 hours. The mixture was then brought
to room temperature and stirred overnight under dry nitrogen.
The methanol was evaporated in vacuoﬁand the resulting
white solid was collected by filtration with the aid of
cold pentane. This product was found to be very hygroscopic,
and thus was kept in'the refrigerator under nitrogen.
Yield: 41.5 g ( 72 %), mp: 50-53°C (Lit:® 48-54°C)
Nmr (CDClz): & 1.82 (s, lH, SH), 2.23 (s, 1H, NH), 2,59

(s, 3H, CH,;), 2.46-2.78 ppm (m, 4H, N~CH,-CH,~S)
Ir (CHCl3): 3340(NH), 3060-2800, 2520 (SH), 1680, 1485,

1120 cm™’

Preparation of the thiazolidine alcohol (72)

The dioxan (56) (19 g) and N-methylaminoethanethiol
(73) (19.1 g) were dissolved in dry benzene {500 ml) and
the mixture heatea until benzene distilled slowly. After

400 ml of benzene had been collected, the reﬁgﬁning

- benzene was evaporated in vacuo. The residue was distilled

under high vacuum and the fraction boiling at 127-130°C/0.2
mmHg was collected. -
Yield: 21.3 g (90 %)

Nmr (CDCl;): 6 1.47 (s, 6H, acetopide), 2.50, 2.58 (each s,




3H, N~CH,) 2.87-3.23 (m, 4H, N=CH,=CH,-S), 3.8
(g, J=5Hz, 2H, OCH,~C), 3.93 (q, 2H, OCHj), -
4,1 (s, 1H, OH), 4.48, 5.57 ppm (each s, 1lH,
N-CH-S)

Ir (neat): 3460 (broad, OH), 3000-2800, 1470, 1390, 1379,

1300, 1216, 1071, 1000 cm |

Mass spectrum (70eV): m/e = 233 (M%) '
Analysis: Calculated for C1oHigNO3S : C, 51.49; H, 8.21:
N, 6.01; S, 13.72, Found: C, 51.53, H, 8.1l7;

N, 6.13; S, 13.63

Rreparation of the thiazolidine mesylate (50)

A solution of the thiazolidine alcohol (72) (11.65 qg)
and triethylamine (7.6 g) in methylene chloride (200 ml)
was cooled to -50°C in a dry ice-acetone bath and freshly
distilled mésyl chloride (6.3 g = 1.1 equivalént) in
methylene chloride (50 ml) was addéd drOpwise'over a
period of 2 hours. The mixture was poured into water

(300 ml) and the organic layer washed twice with celd

“water. The methylene chloride solution was dried over

anhydrous sodium sulfate, filtered and evaporated in vacuo.

The oily residue was dissolved in ethyl ether (10 ml) and

kept overnight in the refrigerator. The white crystalline
/

product was collected 5y filtration, washed with cold

ethyl ether and dried in vacuo.

105



Yield: 15.5 g (100 %), mp: 65-66°C

Nmr (CDCls): & 1.44 (s, 6H, acetonide), 2.37, 2.42(each s,
N-CH3), 2.8-3.18 (m, 4H, N=CH,~CH,~S), 3.06 (s,
3H, S0,-CH3), 3.95 (g, 2H, CH,~0), 4.20, 4.25
(each s, 1H, S~CH-N), 4.30 ppm (s, 2H, CH,-0S03)

Ir (KBr): 3030-2810, 1455, 1391, }@80, 1361, 1339, 1300
1252, 1220, 1200, 1180 cm™

Analysis: Calculated for Ci Hy; NOsSp: C, 42.45; H, 6.75
N, 4.50; S, 20.58, Found: C, 42.25; H, 6.59;
N, 4.62; S, 20.32

Preparation of the thiazolidine trifluoroacetate (27)

A solution of trifluor6;cetic anhydride (2.1 .9) in
methylene chloride (10 ml) was added dropwise to a
mixture of the thiazolidine alcohol (72) (1.16 g) and
' triethylamine (0.98 g) in methylene chloride in a dry
ice-acetoqf bath for two hours. The mixture was poured
into water (50 ml) and the separated organic layer washed
with water. Drying over anhydrous sodium sulfate,
filtration and evaporation gave_a pale yellow oil.
Yield: 1.53 g (98 %) e?i :
Nmr (CDClz): & 1.44 (s, 6H, acetonide), 2.40; 2.50(each s,
3H, N~CH;), 2.8~3.4 (m, 4H, N=CH,~CH;~S), 3.0
.4.65 ppm (m, 5H, OCH2 and N-CH-S) &
WIr (neat): 3010-2820, 1795 (ester), 1715, 1394, 1395, 1384

1228, 1175, 1160 cm™
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Analysis: Calculated for Cis Hig NOsaSF3: C, 43.76; H, 5.51;

* N, 4.25; S, 9.74; F, 17,31, Found: C, 43,49
H, 5.57; N, 4.11; S, 9.34; ' F, 17.74

Preparation of the aldehyde megylate (66) from the
thiazolidine mesylate (50) using mgrcufic chloride *

-~

The thiazolidine mesylate (50) (311 mg) was dissolved
in 80 % aqueous acetonitrile or tetrahydrofuran (10 ml) and
mercuric chloride (280 mg = 1.1 equiv,) was added. fhe
white milky suspension was refluxed for 1 hour aéd then
filtered. The filtrate was evaporated in vacuo and/the
residue extracted with methylene chloride. The methylene
chloride solution was washed with dilute hydrocﬁioric acid
and water, dried over anhydrous sodium sulfate, filtered
and evaporated to dryness im vacuo, giving a whitg oil.
Yield: 248 mg (96 %)

The nmr and ir spectra were exactly the same as those of
the product from the acidic hydrolysis of the oxazolidine ~
mesgylate 149). . ‘

’

Preparation of the aldehyde mesylate (66) from the

thiazolidine mesylate (50) using m-chloroperﬁenzoic acid

Thiazolidine mesylate‘(SO) (311 ﬁg) was dissolved

in methylene chloride (5 ml) and m-chloroperbenzoic acid

—



T . k

(344 mg=2 equivalents) was added at 0°C., The mixture

was stirred for 5 minutes and washed with sodium bicarbonate
solution. Drying over anhydrous sodium sulfate, evaporation,
passing through a silica gel column 'uhsuilig ethyl ether as

eluent and evaporation gave a white oil.

Yield: 188 mg (72 %)

The nmr and ir spectra were the same as those of the prodcut

from the acidic hydrolysis of the oxazolidine mesylate (49) N

{
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EXPERIMENTAL - CHAPTER II

Preparation of methyl 2-phthalimido-3-hydroxyacrylate (67a)

The procedure of Sheehan and Johnson*® was followed.

The crude product was recrystallized from benzene.

Yield: 40 %, mp: 137-139°C (1itl® 140.5-142°C)

Nmr (DMSO-de): 5 3.65 (s, 3H, CH,), 7.83 (s, 4H, phthal—
imido), 8.0 (s, 1H, C=CH), 9.5 ppm (broad, 1H,
OH)

Ir (KBr): 3500-3100, 1800/1730 (phthalimido), 1740 (esteX),
1700 em™ (C=C)

Prggg;gtign of methyl 2-phthalimido-3-~hydroxyacrylate
thallium salt (67c)

e Methyl‘2-phthaliﬁzdo-B-hydroxyacrylate (67a) (2.47 g)

was dissolved in hot benzene (50 ml) and thallium ethoxide s

.(2.24 g, Aldrich, 98 %) was added. The pale yellow powder'

which settled down immediately was collected by filtratidh

and recrystallized from ethanol.

Yield: 4.5 g (100 %), mp: 245-247°C (decomp.)

Nmr (DMSO-dg): & 3.6 (Q, 3H, CH,), 7.9 (s, 4H, phthal-
imido),08.98 ppm (s, 1H, C=CH)

Ir (KBr): 3600-3300 (salt), 1800/1730 (phthalimido),
1720 (ester), 1670 (C=C), 1578, 1450 cm™
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. Analysis: Calculated for C,, HgNOsTl: C, 32.03; H, 2.04;

N, 3.11 Found: ¢C, 31.,76; H, 2.01; N, 3.23

Preparation of methyl 2=-phthalimido=3=hydroxvacrylate
godium salt (67b)

) ‘
Methyl 2-phthalimido-3-hydroxyacrylate (67a) (13.4 g)

was dissolved in benzene (100 ml) and an ethanolic solution

of sodium ethoxide (1.28 g of sodium in 100 ml of ethanol)

was added. The mixture was refluxed for one hour, cooled

and the yellow precipitate was collected.

vield: 13.7 g (98 %), mp: 270-272°C (decomp.)

{mr (D,0): & 3.7 (s, 3H, CH,), 7.95 .(s:” 4H, phthalimido),
8.95 ppm (s, 1H, C=CH)

Ir (KBr): 3400, 1800/1730 (phthhalimido), 1720 (ester),

1690 (C=C), 1590, 1458, 1430 cm™

—

Preparation of methyl 2-phthalimido-3-(((2', 2'~dimethyl=-
.  4'-(3"-methyloxazolidine=2"-yl)=-1',6 3'-dioxolan—4'~-yl)
methyl)oxy)acrylate (68)

The tﬁgllium salt (67¢c) (3.375 g) was suspended in
"a solutién of the oxazolidine mesylate (49) (1.475 g) in
dry 2~butanone (50 ml). The mixture was refluxed for 6
hours, allowed to cool and filtered. The yellow filtrate

was concentrated under reduced pressure. The resulting

. '*




-

. in . 111
"cglrf" ’
foamy gglid showed two spots in t.l.c. This crude produc.:t
was passed through an alumina column using methylene
cfloride-ethyl ether (5:1) as eluent, A total of 100 ml
of the eluant wés collected and evaporated in vacuo. The b

white foamy solid was dissolved in ethyl ether (5 ml) and

kept overnight in the refrigerator. The crystalline ° /

compound (the undesired perhydrooxazepine derivative) was

filtered off and the filtrate was evaporated, giving a \

white solid.

Yield: 1.0 g (45 %), mp: 43-45°C

Nmr (CDClz): & 1.27, 1.38 (each s, 6H, acetonide), 2.45,
2.50 (each s, 3H, N-CH3), 2.4-2.7 and 3.0~3.3
(m, 2H, N~CH,-CH2-0), 3.72 (s, 3H, O-CHj;),
3.6-4.02 (m, 2H, N-CH-~CH,-0), 3.91 (s, 1H,
N-CH-0), 4.0 (s, 2H, O~CH,), 4.22 (g, 2H, OCH;),
7.68-8.0 ppm (m, SH, phthalimido and 'C=CH)

Ir (CHCl;): 3050-2950, 1800/1740 (phthalimido), 1735 (ester),
1670 cm™' (C=C)

Mass spectrum (70eV): m/e=446 (M%)

Analysis: Calculated for CayHzgN20g: €, 59.18; H, 5.87;
N, 6.28 Found: C, 58.93; H, 6.94: N, 6.42

y
The Qgrhzdrgoxazegine/ derivative (69) from the reaction
of the mesylate (49) and the salt (67c)

~

This crystalline compound was separated by the method



-
(3 ~\Xmentioned above.

Yield: 46 %, mp: 173-174°C
Nmr (CDCli): 8§ 1.15, 1.55 (each s, 6H, acetonide), 2.34

(S' 3H, st) ? 3.7_4014 (m, 4H, mHZ) I} 5‘13

(s, 1H, 0~CH=0), 7.63=7.94 (m, 4H, phthalimido)

7.92 ppm (s, 1H, C=CH)
Ir (KBr): 2990-2808, 1800/1740 (phthalimido), 1725
(ester), 1670 (C=C), 1480, 1390, 1380 cm™

Mass spectrum (70eV): m/e = 446 (MY)

Analysis: Calculated for C,;H,eN208: C, 59.18; H, 5.87;

N; 6.28 Found: C, 58.89; H, 6%0l; N, 6.54

-

reparation of met ~phthalimido=3= 2',2'=-dimethyl~-
4'=(3"-methylthiazolidine~2"-y1)-1', 3'-dioxolan~-4'-yl)
methyl) oxy)acrylate (85) -

The sodium salt (67b) (7 g) was suspended in a
solution of tbe thiazolidine mesyléte (50) (6.22 g) in
dry 2-butanone (100 ml). The mixture was refluxed for 6
hours, cooléd and filtered. Evaporation of the solvent
gave a foam, which was passed through a silica gel column
using methylene chloride-—ethyl ether (1:1) as eluent.
Evaporation of the solvent gave a white foamy solid.
Yield: 9.2 g (100 %) |

.
Nmr (CDCls): & 1.27, 1.37 (each s, 6H, acetonide), 2.28,
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2.35 (each s, 3H, N=CHj), 2,.78~3.23 (m, 4H,

N~CH,~CH2-S), 3.73 (s, 3H, OCH3), 3.8-4.02

(m, 2H, OCH;), 4.14=4.33 (m, 3H, OCH,and

N=-CH=-S), 7.7-8.02 ppm (m, 5H, phthalimido

and C=CH)

Iz (CHCls): 2985, 1800/1735 (phthalimido), 1720 (ester),
1667 (c=C), 1428, 1395, 1380, 1100 cm™’

Mass xlgeecifrum (70eV) : m/e = 462 (M*t) g
Analysis: Calculated for Cp; H,gN,04S: C, 57.,14; H, 5.67;
N, 6.04; S, 6.92 Found: C, 57.38; H, 6.02;
N, 5.89; S, 6.62 ‘
Preparation of methvl'G2-bepnzamido~3~hydroxvacrylate (84a)
This pale yellow oily compound was prepared in the
same way a;s (67a) from methyl hippurate.
Yield: 36 %
Nmr (benzene-dg): § 3.42 (s, 3H, OCH,), 6.9-~7.82 (m, 6H,
phenyl and C=CH), 7.43 (broad, 1H, NH),
8.4 ppm (broad, 1H, OH)
Ir (CCl,): 3400 (OH), 1710 (ester), 1675 (amide and C=C),
1550, 1453, 1360, 1280, 1100 cm™
’ <
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Preparation of methyl 2-benzamido-3-hydroxyacrylate
sodium salt (84b)

This compound was prepared in the same way as (67b)

from (84a).

Yield: 95 % based on sodium, mp: 204~205°C (decomp.)

Nmr (DMSO-dg): § 3.62 (s, 3H, COOCH3), 7.4-7.98 (m, 5H,
phenyl), 8.43 (s, 1H, NH), 8.78 ppm (s, 1lH,
C=CH)

Ir (KBr) : 3320 (salt), 3055-2858, 1660, 1625, 1590,
1540, 1455, 1380, 1328, 1200, 1110 cm™

Analysis: Calculated for Cq1 HigNOg4Na: C, 54.32; H, 4.15;

N, 5.76, Fouhd: C, 54.41; H, 4.42; N, 5.67 I

K
Preparation of methyl 2-benzamido=3-=(((2',2'=-dimethyl=4"'=~

(3"-methylthiazolidine-2"=-yl)-1"',3'-dioxolan-4"'-yl)
methyl)oxy)acrylate (86)

“,

Thig foamy compound was prepared in the same way as
(85) from (50) and (84). " .
Yield: 97 % \
Nmr (CDCls): & 1.33-1.45 (m, 6H, acetonide), 2.33, 2.40.
(each s, 3H, N-CH;), 2.8-3.2 (m, 4H, N=CH,~CH ,~
S), 3.73 (s, 3H, COOCH,), 3.7-4.32 (m, 4H, twd
OCH, ), 4.55, 4,46 (each s, 1H, N=CH=S), 7.2~

7.98 ppm (m, 7H, phenyl, NH and C=CH)



R
Ir (CCls): 3440, 3010-1960, 1725 (ester), 1695 (9=C),

1665 (amide), 1517, 14907 1390, 1378 cm™
Mass spectrum (70eV): m/e = 436 (M") )
Analysis: Calculated for c21ﬁ28N2063: C, 57.79; H, 6.47;
N, 6.42; S, 7.33, Found: C, 57.65; H, 6.75:

N, 6.23; S, 7.11°

»

-
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Preparation of methyl 2-phthalimido=3-(((4'~formyl=2"',2"'~

dimethyl=-1', 3'-dioxolan~-4'=yl)methyl)oxy)acrylate (82)
from (85) (

The thiazolidine methyl ester (85) (4.62 g) was
dissolved in tetrahydrofuran-water (4:1) (50 ml) and
mercuric chloride’ (3.0 g = 1.1 equiv.) was added. The
immedig&sly formed milky suspension was refluxed for 1
hour, cooled and filtered. The filtrate was concentrated
under reduced pressure and theé residue extracted three
times ;ith benzene., The cﬁmbined extracts were washed
with dilute hydrochloric acid and water, dried over
anhydrous sodium sulfate_and filtered. Evaporation of
the solvent gave ; white foamy solid.

Yield: 3.89 g (100 %)

Nmr (CDCl3): & 1.43 (s, 6H, acetonide), 3.72 (s, 3H,
COOCH;), 3.9=-4.12 (m, 2H, OCH,), - -4.33 (s,
2H, OCHz), 7.68~8.0 (m, 4H, phthalimido),

7.9 (s, 1H, C=CH), 9.8 ppm (s, 1H, aldehyde)



%

R A . '
Ir (KBr): 3500 (hydrate form of-aldehyde), 3050-2950, ‘-
1800/1735 *(phthalimido), 1735 (ester), 1720

1

(aldehyde), 1670 em  (C=C) e
. . . e .
Mass spectrum (70eV)': m/e = 389 (M1) e T
Analysis: Calculated for CigHig NOgH,0: C, 56,02; H, 5. ; N

J

N, 3.44, Found: C, 56,29;- H, 5.21; N, 3,

>

‘Preparation of methyl 2-phthalimido=3-(((4'~formyl-2',62'-
dimethyl-1',3'—dioxolan-4'~yl)methyl)oxy)acrylate (82)
from (68) | ®

1

The oxazolidine methyl‘éster (68) (446 mg) was
di;solved in 50 % aqﬁeous acetic acid (10 ml) and the
mixture stirred for 2 hours at room temperature, Water
(20 ml) was added and the mixture extracted three times
with chloroform. The extracts Qere back-~washed twice
with water, combined énd dried over anhydrous sodium
sulfate, Eyaporation of the solvent gave 380 mg (99 %)
of a white foamy solid. |

The nmr, ir and mass spectral data were the same as

those of the product from the thiazolidine ester (85).

»

Preparation of methyl 2-benzamido—3-(((4’=formyl=2",2"'-
dimethyl=-1',63'~dioxolan~4'~yl)methyl)oxy)acrylate (87)

from (86) o

a

This white foamy compound was prepared in the sémg‘

’ ~ g

[ =S
.
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way as (82) from (86), but it was further purified by

passing it through a silica gel column using ethyl ether.

Yield: 70 %

Nmr (CDCl3): 8 1.43 (s, 6H, acetonide), 3.7 (s, 3H, COOCH3),
3.75-4.30 (m, 4H, two OCH,), 7.25-8.0 (m, 7H,
phenyl, NHC=0 and C=CH), 9.67 ppm (s, 1H, aldehyde)

Ir (CHCls) :3440, 3000, 2960, 1730, (broad, ester and aldehyde)

- 1685 (C=C), 1660 (amide), 1495, 1455,'1395, 1385,

‘1150, 1100 cm™

Mass spectrum (70eV): m/e = 363 (M+) B

Analysis:. Calculated for C13H21Ng?: C, 59.49; H,-5.83;

N, 3.86, Found: C, 59,03; H, 5.96; N, 3.72
& .

Preparation of the Schiff base (96) from (82)

‘The aldehyde ester (82) (97 mg) was dissolved in

. VAN "
-meth¥lene,dhloride (10 ml) and n-propylamine (15 mg) in

«metH§Leﬁe chloride (5 ml) was added at.OOC. The mixtu;e

\

was stirred for 1 hour, dried ovér anhydrous sodium

d - B
sulfate and filtered. Evaporation of the solvent gave

a white oil. , ' ’ ]/7

[ I'e

Nm%‘(CDCl3): ) }85 (t{ 3H, CH-CH3), 1.4 (s, 6H, acetonide);
| 1.5-1.7 (m, 2H, CH2~CH3), 3.39 (t, 2H, N~CH,),
3.72 (s, 3H, OCHs), 4.1 (s, 2H, OCH2), 4.33
(s, 2H, OCH;), 7.64-8.02 ppm (m, 6H, phthalimido,
C=CH and N=CH) '
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‘ Preparation of a standard ammonia solution in
tetrahydrofur

74

/ Dry tet;ahydrofuran was saturated with ammonia and

the excess ammonia was allowed to evaporate Py stirring

at room temperature for 2 hours. 10 ml of this solution

was diluted with water (10ml) and 10 ml of a known norma-
lity of hydrochloric\acid was added, A few droés of
phenolphthalein were then added and the acidic solution
titrated with a standard sodium hydroxide solution. From .
.~ -these data, the normality of the ammonia solution was

calculated.

Preparation of a-phthalimido-2,2-dimethyl-1,3,7-trioxa-9-

~aza (spiro) [4,5) dec~9-ene-8-acetic acid methyl ester

(91) from (82)

The aldehyde ester (82) (1 g) was dissolved in
tetrahydrofuran‘(s ml) and 0.12 N ammonia solution in dry
tetrahydrofuran (23.2 ml = 1.1 equiv.,)‘ was added., The

4 mixture was kept overnight at room temperature, dried
over ;nhydrous sodium sulfate and evaporated. The
foamy solid was passed through a silica gel column

\ using methyléﬁe chloride-ethyl ether (5:1) as
eluent, Evaporation of the solvent gave a white solid.

Yield: 0.89 g (91 %), mp: 71-73%C




i}

Nmr (CDCl3): 5 1.42 (s, 6H, acetonide), 3.73 (s, 3H,
COOCH,), 3.90 (s, 2H, OCH,), 3.59-4.02 (m,
24, OCH;), 4.8-5.1 (m, 1H, N-sp-coo), 5.72=
5.9 (m, 1H, N-CH-O), 7.68-8,00 ppm (m, 5H,
phthalimido and N=CH)

Ir (CCl,): 3400, 3000~-2900, 1800/1735 (phthalimido),

' "1750 (ester), 1670 cm™ (broad, amide and C=N)

Mass spectrum (70eV): m/e = 388 (M%)

Analysis: Calculated for CgH20N0;: C, 58.76; H, 5.19;
N, 7.21, PFound: C, 58,31; H, 5.50; N, 7.33

Preparation of a-benzamide=2, 2~-dimethyl~l, 3, 7-trioxa=-

9-aza (spiro) [4,5] dec-9-ene-8-acetic acid methyl
egter (92) from (87) ‘

This white foamy compound was prepared in the same
way as (91) from (87) in 93 % yield.
Nmr (CDCLy): & 1.56 (s, 6H, acetonide), 3,77 (s, 3H, OCH),
3.6~4,18 (m, 5H, two OCH; and N-=CH-COQ), 5,3~
5.4 (m, 1H, N-CH-0), 6.9 (broad, 1H, NH), 7.25=
8.0 ppm (m, 6H, phenyl anld N=CH) “
Ir (CHClj;) :3450, 3000-~2880, 1750 (ester), 1675 (broad,
| amide and C=N), 1530, 1500, 1396, 1385 cm™
.Ma.ss spectrum (70eV): m/e = 362 (M1) ‘
Analysis: Calculated for C1gHzN206: C, 59.66; H,6.12
N, 7.73, Found: ¢, 59,50; H, 6.17; N, 8.02
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EXPERIMENTAL ~ CHAPTER III

-

Preparation of 4—ethozxmethxlege-z-ghenxl—s-oxazologe (103)

+ /
.

Hippuric acid (72 g) and triethyl orthoformaté (60 g)
were heated for 1 hour under reflux with acetic anhydride
(80 g) (bath temp. = 140-150°C). Low boiling material was ;
then removed by vacuum distillation. The dark red resudwe
solidified on cooling and triturating with cold ethanol,
Treatment of the red solid with charcoal and recrystall%-
zation from petroleum ether (60-80°C) gave pink needles.
Yield: 35 g (53 %), mp: 97-98°C (1it.® 97-98°)

Nmr (CDCl,): & 1.47 (t, J=7 Hz, 3H, CH;), 4.35 (q, J=7 Hz,
2H, CH2), 7.14(s, 1H, C=CH), 7.18-8.0 ppm (m,
» 5H, phenyl)
Ir (KBr): 1785 (C=0), 1673 em~' (C=N)

Preparation of 4=-hydroxymethylene-2-phenyl-5-oxazolone (104)

4~Ethoxymethylene-2-phenyl=5~oxazolone (103) (10.85 g)
was suspendgd in a 0.1 N sodium hydroxide solution (50 ml)
and the mixture stirred vigorously until everything went
into solution. The red solution was extracted with ethyl
ether to remove any unreacted material and the aqueous

solution acidified with cold dilute hydrochloric acid.

~

I
e

I




The precipitate was collected by fittration, washed several

times with cold water and dried over NaOH in vacuo.

Yield: 8.07 g (85 %), mp: 150-151°C (1it.*° 152°c)

*Nmr (DMSO-dg): & 7.33-8.,12 (m, 5H, phenyl), 7.7 (s, lH,
C=CH), 10.48 ppm (s, 1H, OH)

Ir v(KBr) : 5500 (broad), 1795 (oxazolone), 1613, 1585,

1500, 1380, 1300, 1118 cm

Preparation of N-formylglycine ethyl ester (110)

The procedure of Jones ® was followed exactly and the
fraction boiling at 95°C/0.2 mmHg (litS' 110°C/1 mmHg)
was collected. " -
Yield: 90 %

Nmr (CDCls): & 1.33 (t, J=7 Hz, 3H, CH,), 4,12 (m, 2H,
CH2C00), 4.25 (q, J=7 Hz, 2H, CH,~CH3),
7.35 (broad, 1H, NH), 8.3 ppm (s, 1H, CHO)
Ir (neat): 3300, 2980, 1740 (ester), 1660 (amide), 1525,

1376, 1200 cm™

8

Preparation of fB,8-diethoxyalanine ethyl ester (112)

¥

A suspension of sodium ethoxide (4979 = 0,71 mole)
in dry zylene (150 ml) was added in small portions to a
mixture of N-formylglycine ethyl ester (110) (91.7 g =

0.7 mole) and ethyl formate (222 g = 3 mole) over a’

ﬂ ~




period of 1 hour at 0°C. The mixture was stirred vigorousl&

for an additional hour and kept overnight in the refrigerator.
Anhydrous ethyl ether (200 ml) was added and the solid
collected by filtration, washed with ethyl ether and dried
in vacuo., M™is sodium salt (111) was then added to the
ethanolic hydrogen chloride solution (1000 ml, 15 % by
weight) at 0°C and the mixture alloweé to stand overnight
at-rToom-temperature. This solution was concentrated to a
heavy syrup under reduced pressure and treated with chloro-
form (900 ml). The solution was stirred vigorously for

4 hours while s6dium bicarbonate'(ZOO g) was added in
portions. The suspension was fiikered and the filtrate

washed with 5 % bicarbonate solution and brine water,

dried over anhydrous sodium sugfate and evaporated in

vacuo., The pale red residue was distilled at 76 = 82°C

(0.4 mmHg) and redistilled at 71 - 72°C (0.1 mmHg)

(1it.” 71°c/0.1 mmHg).

Yield: 66 g (51 %)

Nmr‘(CﬁClg): 6 1.1-1;42 (m, 9H, three CH3), 1.66 (s,
2H, NH;), 3.61 (d, 1H, N~CH-CO0), 3,4-3,92
(m, 4H, OCH;), 4.22 (g, J=7 Hz, 2H, COOCH,),

4,78 ppm (d, 1H, 0-CH-0)
Ir (neat): 3365, 2960~2860, 1730 (ester), 1580, 1480,

{
1370, 1300, 1215, 1100, 1060, 1020 cm™"



Pre ti of 2=-phepvlacetamido= ~dieth ropionic

acid (113) o '

[

Phenylacetyl chloride (17 g) was added dropwise to a

vigorously stirred mixture‘of B8,8-diethoxyalanine ethyl
ester (112) (22 g), sodium bicarbonate (22 g), chloroform
(350 ml) and water (70 ml) for 1 hour. The mixture was
stirred for an additional hour at room temperature and
filtered. The filtrate was washed with water, dried over
anhydrous sodium sulfate and evaporated., To this crude
ester, ethanolic sodium hydroxide solution (4.3 g of NaOH
in 250 ml of ethanol) was added and the solution stirred
overnight at room temperature. Ethanol was evaporated
and the residue dissolved in water (150 ml). Any free
organic material was removed by extraction with ethy}
ether and the aqueous solution acidified with 1 N
hydrochloric acid. Extraction with‘ethyl acetate, drying
and evaporation gave a white solid.
Yield: 29 g (90 %), mp: 110-111°C (Lit® 112-113°C)
Nmr (CDCls): & 1.12 (t, J=7 Hz, 6H, two CH,~CHs), 3.65 (s,
2H, ng-Csﬁs), 3.57 (g, J=7 Hz, 4H, two
CH,-CH3), 4.7-4.93 (m, 2H, O-CH-CH-N), 6.5
(broad, 1H, NH), 7.33 (s, S5H, phenyl),
10.39 ppm (s, 1lH, COOH)
Ir (KBr): 3340, 2965, 2870, 1710 (acid), 1620 (amide),

1550, 1490, 1432, 1355, 1337, 1230 cm™

i
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Preparation of 2-benzy¥~4-ethoxymethylene-5-oxazolone
hydrobromide (114) | :

-

2-PhenylaCetamido«3,3-diéthoxyp;opionic acid (113)
(2.95 g) was dissolved in dié&aﬁe (30 ml)land phosphorus
tribromide (2.98 g) was added dropwise over a period of
30 minutes. Ethyl ether (50 ml)ywas added and the white
precipitate collected by vacuum ﬁ;ltration.

Yield: 2.8 g (90 %), mp: 123-124°¢ (decomp.) (lit*%0-115°C)

Nmr (methanol-d,): & 1.35 (t, J=7 Hz, 3H, CHi), 4.24 (q,
J=7 Hz, 2H, CHj), 5.0 (s, 2H, CH,~CeHs), 7.35
(s, 5H, phenyl), 5.48 (broad, 1H, NTH), 7.8
ppm (s, 1lH, C=CH) .

Ir XKBr): 2935 (broad), 2312 (N+H), 1822 (oxazolone?,

le42, 1530, 1490, 1448, 1303, 1218, 1110 gm-1
nt k4 ‘ \

Prggarétion of 3-ethoxy-2-phenylacetamidoacrylic acid (115)

2-Benzyl-4-ethoxymethylene—5—oxgzolone hydrobromide

(114) (1.3 g) was treated with water (L0 ml), The salt

immediately changed to the oil, which crystallized on

standing, Extraction with ethyl acetate, drying and

evaporation gave a white solid.

Yield: 940 mg (91 %), mp: 134-135°C (1it.*® 134-135°C)

Nmr (CDCl3): & 1.26 (t, J=7 Hz, 3H, CH3), 3.67 (s, 2H
CH,-CeHs), 4.07 (g, J=7 Hz, 2H, OCH,) 6.7
(broad, 1H, NH), 7.35 (s, 5H, phenyl),




*7.42 (s, 1H, C=CH), 10.37 ppm (broad, 1H, COOH)

Ir (KBr): 3221 (acid), 1640 (amide), 1527, 1491, 1430,
1305, 1232, 1158, 1150, 1130, 1108, 1016 cm™

Preparation of 2-benzyl —4—hxdrogymeth¥lene-5-oxazolone (116)

A suspension of 2-phenylacetamido-3,3-diethoxypropi-
onic acid (113) (17.7 g) in acetic anhydride (100 ml) was
heated on a steam bath for 1 hour while a rapid stream
of dry njitrogen was passed above the surface of the
liquid. The acetic anﬂydride was distilled off under .
vacuum and the residue ' (2-benzyl-4-ethoxymethylene=5-
oxazolone) shaken vigorously with 1/2 N sodium hydroxide
.+ solution (150 ml) until everything went into solution.

Any free organic material was removed by extraction with

ethyl ether (100 ml) and the aqueous solution acidified

with dilute hydrochloric acid with cooling. The yellow

solid was collected by filtration, washed with cold water

and dri;d over NaGH in vacuo.

Yield:-11.8 g (84 %), mp: 130-131°C (decomp.) (Lit  130-132%)

Nmr (DMSO-de): 8 3.84 (s, 2H, CHy), 7.32 (s, 5H, phenyl),
7.63 (s, 1H, C=CH), 9.98 ppm (broad, 1H, OH)

Ir (KBr): 3480, 2512 (broad), 1810 (oxazolone)f 1683
1612, 1600, 1480, 1468, 1430, 1370, 1340, /
1269, 1227, 1213, 1152 cm '

2




.

r ti —bepzyl-4-hydro epe-5-oxazolone
. . |
thallium salt (117) \”

2-Benzyl-4-hydroxymethylene-5-oxazolone (116) (2.03 g)
was dissolved in a mixture ;f dioxane and ethyl ether (1:1)
and thallium ethoxide- (2.50 g) was added. The mixture
was vigorously stirred for 10.minutes. The pale yellow
precipitate was collected by filtration, washed with same
solvent and dried in vacuo.
Yield: 3.98 g (98 %), mp: 185-187°C
Nmr (DMSO~dg): & 3.76 (s, 2H, CH,), 7.14 (s, 5H, phenyl),
8.73 ppm (s, lH, C=CH)
Ir (KBr): 3%50 (broad), 3080-2930, 1720, 1700, 1684, 1635,
1585, 1553, 1508, 1465, 1440, 1427, 1363,‘1349,
+ 1298, 1245 cm )
Analysis: Calculated for C,  HgNO,T1l: C, 32.47; H, 1.98;

-

N, 3.45, Found: C, 32.27; H, 2.02; N, 3.66

Preparation of 4-((((2',2'~dimethyl=~4*'~(3"-methylthiazoli=-

dine~=2"-yl)-1"',3'=dioxolan-4'-v1)methyl) oxy)methylene) -2~ *\\\//)

benzyl-5-okazolone (118)

’

This oily compound was prepared in the same way as /
(85) from (50) and (117) under nitrogen.
Yield: 94 %

Nmr (CDCl3): § 1.26-1.58 (m, 6H, acetonide), 2.32, 2.44

4



\ (each s, "3H, N-CH;), 2.71-3.5 (m, 4H, N~CHp-

CH2-S), 3.81 (s, 2H, CHp,~CgHs), 3.73-4.34 (m,

4H, two OCH2), 4.35, 4.47 (each s, 1H, N=CH=

8), 7.27 (s; 1H, C=CH), 7.31 ppm (s, SH, phenyl)

Ir (CHClj3) :3435, 3110-2987, 1785 (oxazolone), 1690 (¢=C),
1472, 1395, 1384, 1323, 1170, 1085 '
Mass spectrum (70eV): m/e = 418 (M+)
Analyfis: Calculated for C, HpeN205S: C, 60.28; H, 6.26;
N, 6.70; S, 7.65, Found: C, 60.51; H, 6.43;

N, 6.32; S, 7.52

Preparation of 2,2-di@gthy1-4-((((5'-oxo-23-benle-2'-

oxazolidine-4'~vlidene)methyl) oxy)methyl)-1, 3~dioxolane-

4~-carboxaldehyde (120) from (118)

This white foamy solid was prepared in the same way
as (82) from (118) and mercuric chloride and further
purified by preparative thin layer chromatography.
Yield: 45 % T
Nmr (CDC1l3): & 1.48 (s, 6H, acetonide), 3.86 (s, 2H, CH,-
CeHs), 3.94~4,57 (m, 4H, two OCH2), 7.3 (s,
1H, C=CH , 7.38 (s, SH,‘bhenyl), 9.?2 ppm (s,
1H, CHO)

Ir (CHCL,) :3430, 3028, 2980, 1795 (oxazolone), 1730
(aldehyde), 1690, (C=C), 1630, 1455, 1440,

1430, 1395, 1385, 1370, 1180, 1100%\cm™

[N
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)

Mass spectrum (70eV): m/e = 345 (M)

Preparation of te=butyldimethylsilvl 3+ethoxy-2-phenyl-
acetamido acrylate (128)

-

A solution of 3-ethoxy-2-phenylacetamidoacrylic acid
(115) (872 mg), t-butyldimethylchlor;silane(633 mg = 1.2
equivalents) and imidazole (581 mg = 2.5 equiv.) in
dimethylformamide (2 ml) was stirred fér 24 hours at room ~
temperature. Chloroform (15 ml) was added and the solution
washed several times with cold water, bicarbonate solution
and water. The solution was dried over anhydrous sodium
sulfate, filtered and evaporated, The oily residue was
passed through a silica gel column using methylene chloride-
ethyl ether (3:1) as eluent. Evaporation of the solvent
and pumping overnight under high vacuum gave 730 mg (61 %)
of a white oil, f
Nmr (CCl4)L: & 0.37 (s, 6H, CH3-Si~CH3), 1.05 (s, 9H, t~
butyl), 1.42 (t, J=7 Hz, 3H, CH2-CH,;), 3.6 (s,
2H, CH»-Cg¢Hs), 4.09 (q, J=7 Hz, 2H, CH,~CH3),
6.5 (broad, 1H, NH), 7.1 (s, 1H, C=CH), 7.27
ppm (s, 5H, phenyl)

Ir (CHCl,):3430, 3000, 1695 (ester and amide), 1521, 1370,
1320, 1140 cm™

Mass sgpectrum {(70eV): m/e = 363 (M+)

Analysis cou not be pérformed because the chlorosilane

was contaminated.
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Preparation of trityl g-ethogz-z-ghegzl;cetgg;doacgilate
‘122! ) i b

3-Ethoxy-2—phen;lacetamidoacrylic acid (115) (498 mg)
was dissolved in dry methylene chloride (50 ml) at 0°C and
trityl pyridinium fluoroborate (130)6’a (860 mg = 1,1 equiv.)’
was added with good stirriné. The fluoroborate dissolved |
slowly and a white milky suspension appeared. Stirrinqa
was continued for 30 minutes at 0°C and the temperature brought
to room temperature. The solution was washed with water -
and dilute sodium bicarbonate solution and dried over
anhydrous sodium sulfate. Evaporation Qf the solvent gave
a white solid.
Yield: 860 mg (88 %),mp: 159 C
Nmr (CDCl,): 8 1.18 (t, J=7 Hz, 3H, CHs), 3.6 (s; 28, CH -
CeHs), 3.98 (q, J=7 Hz, 2H, OCH,), 6.4 (broad,
1H, NH), 7.23 ppm Gn, 21H, C=CH and four phenyi)
Ir (KBr): 3270, 3065~2915, 1730 (ester), 1670/1660 (C=C
and amide), 1525, 1460, 1363, 1300, 1230 cm '
Mass spectrum (70eV): m/e =491 (M) ?
Analysis: Célculated for C32H29NO4:I C, 78.18; H, 5.95;

N, 2.85, Found: C, 78.,26; H, 5.62; N, 3.04

o

Preparation of p~-methoxyphenacyl 3-—ethoxy~2-~-phenvlacetamido-
acrylate (131)

\
>

A solution of 3-ethoxy-2-phé;ylacetamidoacrylic acid




w

Y

.(115) (2.49 g), p-methoxyphenacyl bromide (2.19 g) and

triethylamine (1.01 g) in dimethylformamide (20 ml)’ was

kept in the refrigerator for 2 days. Ice &ater (150 ml)

. was added with vigorous stirring and the resulting

precipitate collected by filtration and dried in vacuo.

i

Recrystalliiation from ethanol gave white crystals.

Yield: 3.78 g (94 %), mp: 115-116C, _
-
Nmr (CDClz): § 1.3 (t, J=7 Hz, 3H, CH,), 3.63 (s, 2H, CHa-

Ir (KBr):

Analysis:

M

(3

~

~. L]

CeHs), 3.84 (s, 3H, OCH;), 4.05 (q, J=7 Hz, 2H,

CH,~CHj), 5.27 (s, 2H, COOCH,), 6.63 (broad,
~
1H, NH), 7.25 (s, 5H,

!
6.77, 6.92, 7.72 and/7.87 ppm (each s, 4H,

p~-methoxyphenyl) / \‘imhffd -

3270, 3200, 3080-2948, 1725 (ketone), 11700
(ester), 1668 (amide and C=C), 1610, f548y
1433, 1385, 1300, 1270, 1252, 1230 cm™
Calculated for C,,H,3NOg: C, 66.49; H, 5.83;

N, 3.52, Found: C, 66.89; H, 6,09; N, 3.74
{ AN

/phenyl), 7.4 (s, 1H,/ C=CH),

.+ 130
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EXPERIMENTAL - CHAPTER IV
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1
y x .
Preparation of benzyl —phthalimido-3~hydroxyacrylate (135a

| N

The procedure of Sheehan and Johnsqn48 was followed,
and the pale yellow solid was recrys@a;}ized from ethanolz
i water (1l:1). ) \ )

Yield: 42 %, mp: 149-150°C (Lit2® 153-154°C)

Nmr (DMSO-dg): 8 5.1 (s, 2H, CHz), 7.23 (s, 5H, phenyl),
7.77 (s, 4H, phthalimido), 7.9 (s, 1H, C=CH),
11.6 ppm (broad, 1H, OH)

Ir (KBr): 3240, 1800/1730 (phthalimido), 1730 (ester),.
1680 (é=C), 1620, 1595, 1512, 1440 em™ -

Pregaratioﬁ“df begzii 2=benzamido-3-hydroxyacrylate (136a)

4—Hydroxymethylene-2-phenyl-5¥oxazoloné (104) (9.5 g)
was suspended on dry benzene (200 ml) and benzyl alcohol
(6 g = 1.1 equiv.) was added. The mixture was refluxed
for 6 hours, cooled and the clear red solution evapdrated.

The residue was collected by filtration and recrystallized

“from petroleum ethero(GO-BOOC). Treatment of the product

with charcoal gave pale yellow crystals,

2 112-113°Q)

Yield: 10.7 g (72 %), mp: 112-113°C(1lit,’
Nmr. (CDCljz): & 5.25 (s, 2H, CHz), 7.4 (s, S5H, CH,-CgHs),
- P ol

7.35-8.0 (m, 6H, 0=C—Cg4f;and C=CH), 8.4 (broad,

\
o
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132

1H, NH), 12.3 ppm (4, 1H, OH)
Ir (KBr): 3352 (OH), 1705 (ester), 1665 (amide and C=C)

1618, 1584, 1560, 1400, 1358, 1100 cm™

-

Preparation of p-npitrobenzyl 2-benzamido-3-hydroxyacrylate
(137a) -

This white crystalline Eompound was prepared in the - s
same way as (13a) from (104) and p=-nitrobenzyl alcohol,
and recrystallized from benzene.
Yield: 82 %, mp: 150-151°C
Nmr (DMSO~de): & 5.3 (s, 2H, CHp), 7.25-8.34 (m, 11H, CeHs,

Ce¢Hs, NH and C=CH), 9.1 ppm (s, 1H, OH)

Ir (KBr): 3385, 3105, 1715 (ester), 1670 (amide a;d Cc=C),

) 1618, 1544, 1453, 1392, 1350, 1108 cm-'

Analysis: Calculated for C{7H14N20g: C, 59.65; H, 4.12;
N, 8.18, Found: C, 59.64; H, 4.26; N, 8.31

1

Preparation of benzyl 2-phthalimido-3-hydroxvacrylate

» thallium salt (135b)

Benégl 2~phtha1imidof§-hydroxyacry1ate(135a) (3.23 g)
was dissolved in hot ethanol (100 ml) and thallium ethoxide
(2.5 g) was added. The mixture was heated and then cooled /
to 0°C. The pale yellow crystals were collected by filt-

ration and dried in vacuo.




Yield: 5 g (95 %), mp: 200-201°C (decomp.)
Nmxr (DMSO~-dg): 6 5.1 (s, 2H, CH,), 7.38 (s, 5H, phedyl),
7.94 (s, 4H, phthalimido), 9.2 ppm (s, 1H, . C=CH)
Ir (KBr): 3;70, 1790/1725 (phthalimido), 1725 (ester),
1662 (C=C), 1522, 1450, 1410, 1360, 1100 cm-1
Analysis: Ca%yulated for C18H22NOsT1: C, 41.01; H, 2.28;
N, 2.66, Found: C, 40.98; H, 2.19; N, 2.67
‘ ;
Preparation of benzyl 2-benzamido-3~hydroxyacrylate sodium
salt (136b)

Benzyl 2-bengamido-~3-hydroxyacrylate (136a)(16.24 g)

was suspended on eth 1 (10 ml) and an ethanolic solution
of sodlum ethoxlde (1.15 g of sodium) was added with

v1gorous stlrrlng. The suspension dissolved 1mmed1ate1y

' precipitated Ethyl ether (100 ml)

was added and the white salt collected by filtration,

washed with ethyl ether and dried in vacuo.

Yield: 14.66 g (91 %), mgs 213-215°C (decomp. )

Nmr (DMSO-dg): & 5.03- (s, 2H, CHp),!7.3 (s, SH,KCHQCSHG)
7.25-8.0 (m, 5H, O=C-CgHs), 8.95 (s, 1H, NH),

9.22 ppm (s, 1H, C=CH) -

Ir (KBr): 3450, 3220-3040, 1656, 1625, 1610, 1580, 1566,

1543, 1500, 1480, 1413, 1370, 1300, 1172,

1110 cm™ )

133
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Analysis: Calculated for Ci7HyNOJNa: C, 63.95; H, 4.39;

N, 4.39, Found: C, 63.42; H,.4.15; N, 4.51

v

=+t

P ar -nitrobenzvl  2-benzamido-3-hydroxyacrvlat

A

sodium salt (137b)

This yellow powder was prepared in thg same way as
(136b) from (l37a), \
Yield: 94 %, mp: 206-208°C |
Nmr (DMSO-de): 5 5.3 (s, 2H, (Hp), 7.46-8.47 (m, 9H, pheny}

and p-nitrophenyl), 8.63 (broad, 1H, NH), 9.2
ppm (s, 1H, C=CH)
Ir (KBr): 3264 (salt), 1670, 1665, 1633, 1590, 1548, 1385,
1

1368, 1335, 1300, 1175, 1120 cm~

Analysis: Calculated for C.7H;3N,0¢Na: C, 56.05; H, 3.57; w

N, 7.69, Found: C, 55.85; H, 3.74; N, 7.78

The thallium salt (135a) (8 g = 1.5 equiv.) was suspen-
ded in a solution of the thiazolidine mesylate (50) (3.1l g)
in 2-butanone (100 ml)‘an the $ixture refluxed for 6 hours.
The salt was filtered Ooff and the filtrate evaporated in

vacuo. The residue was passed through a silica gel column




using methylene chloride-ethyl ether (S:i) as eluent.
Evaporatibn of the solvent gave a white foajiy solid.
Yield: 5.26 g (98 %), mp: 51-52°C
Nmr (CDClz): & 1.28, 1.37 (each s, 6H, acetonide), 2:25,
2,35 (each s, 3H, N=CHj3), 2.8-3.12 (m, 4H,
" N=CHp—CH,-S), 3.6-4.37 (m, 5H, two  OCH, and
N-CH-S), 5.1 (s, 2H, CH,), 7.23 (s, 5H, CH,~-CgHs),
7.52-8,0 ppm (m, 5H, phthalimido and C=CH)
Ir (CHCl,):1800/1730 (phthalimido), 1730 (ester), 1665 (C=C),
- 1476, 1430, 1392, 1380, 1295, 1160, 1100 cm™'
Mass gpectrum (70eV): m/e = 538 (M1) '
Analysis: Calculated for C,gH3oN;,0;S: C, 62.44; H, 5.62;

! N, 5.20; S, 5.94. Found: C, 62.59; .H, 5.51;
i

“

N, 5.40; S, 6.02

/
(3“-methzlthiazolidine-2"-yl)ii',3'-dioxolgg-4'-zl!methxll

Q acrvlate 9

’

This white foamy compound was prepared in the same
way as (138) from (136b) and ({(50).
Yield: 96 % —
Nmr (CDClz): & 1.28, 1.37 (each s, 6H, acetonide), 2.27,
2.35 (each s, 3H, N-CH,), 2.8-3.8 (m, 4H,
N-CH,~CH2-S), 3.69-4,52 (m, 5H, two OCH,
and N-CH-S), 5.25 (s, 2H, CH,~CeHs), 7.43

(s, 5H, CH,~CeHs), 7.43-8.05 ppm (m, 7H,

135

%
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0=C-CgHg, NH, and C=CH)

Ir (EHC13)=3448, 3018~2820, 1722 (ester), 1690 (amide),
1675 (C=C), 1515, 1495, 1394, 1382, 1300 cm

Mass spectrum (70eV): m/e = 512 (M1)

Analysis: Calculateé for Cy;H32N20eS: C,63.27; H, 6.29;
ﬁ, 5.47; S, 6.24, Found: C, 62.98; H, 6.33;
N, 5.76; S, 6.45

i

Pre ation of p-nitro. 1 2=-benzamido=3~- 2',2'~

3'=dioxolan-—

4*'~yl)methyl) o acrylate (140

This pale yellow foamy compound was prepared in the
same way as (138) from (137b) and (50). -
L‘Yield: 93 %, mp: 48-49°C
Nér (cbCls): 6 1,33, 1.43 (each s, 6H, acetonide), 2.27,
| 2.35 (each s, 3H, N-CH3), 2.76-3.1 (m, 4H, N-=CHp~

CH,~-S), 3.67-4.42 (m, 5H, two OCH2 and N-=CH=~S),
5.25 (s, 2H, CHp-CgH4), 7.18-8.23 ppm (11H, phenyl,
p—nitrophen&l, NH and C=CH)

-

Ir (CHCl,;) :3440, 2960, 1725 (ester), 1685 (amide and C=C); -
R 1615, 1590, 1541, 1493, 1390, 1380, 1300»cm_‘ |

Mass spectrum (70eV) : m/e =557 (M+)
Analysis: Calculated for C,7Hzy N3OgS: C, 58.16; H, 5.60;
? N, 7.54; S, 5.74, Found: C, 57.8l; H, 5.87;

N, 7.43; s, 5.60
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I3

Preparation of benzyl 2-phthalimido=3-({(4'-formyl-2"',2"'~
dimethyl=1"',3'=dioxolan~4'~v1l)imethyl acrylate (141

from (138)

The thiazolidine ester (138) (2.15 g) was dissolved
in tetrahydrofuran-water (4:1) (80 ml) and mercuric
‘chloride (1.2 g) was addedy, The immediately formed milky
suspension was brought to r\extux and stirred for 1 hour.
The fine suspension was filtered off and the filtrate
evaporated. The residue was extracted three times with
benzene and the combined extracts, were washed with dilute
hydrochloric acid and water, dried over anhydrous sodium
sulf:%tte, filtered and‘_evaporated in vacuo. The crude "
product was passed through a silica gel column using
methylene chloride=-ethyl ether (5:1) as eluent.
Evaporation of the solvent gave a white foamy solid.
Yield: 1.78 g (96 %), mp: 56=57 C
Nmr (CDCl,): & 1.43 (s, '6H, acetonide), 4.0 (ABq, 2H, J=

6 Hz, OCH,), 4.22 (s, 2H, OCH2), 5.18 (s, 2H,
CH2~C¢Hs), 7.27 (s, 5H, phenyl), 7.82 (s, 4,
C=CH), 7.64-8.0 (m, 4H, phthalimido), 9.73
ppm (s, 1H, CHO)
Ir (KBr): 3480, 3072-2900, 1800/1735 (phthalimido),
1735 (esterxr), 1720 (aldehyde), 1665 (amide
and Cc=C), 1430, 1395, 1382, 1290, 1100 cm™'

+
Mass gpectrum (70eV): m/e = 465 (M) '



Analysis: Calculated for C,,H,,NOg: C, 64.51; H, 4.98;

N, 3.01, Found: C, 64.34; H, 5.0i, N, 3.25

~

Preparation of benzyl 2=benzamido=3-(((4'-formyl=-2"',2"~
dimethyl=1',3'~dioxolan-4'~y1l)methyl) oxy)acrylate {142)

from 3

This white foamy compound was px"'ep”ared in the same
way as (i41) from (139).
Yield: 75 %
Nmr (CDCl;): & 1.43 (s, 6H, acetonide), 4.0-4.34 (m, 4H,
two  OCH2), 5.23 (s, 2H, CH2~CeHs), 7.34
" (s, 5H, CHz=CgHs), 7.25-8.0 (m, 7H, 0=C~CgHs,
NH and C=CH), 9.72 ppm (s, 1H, CHO)
Ir (CHClj3) :3425, 3000~2942, 1'7;0 (broad, ester and CHO),
1680 (amide and C=C), 1510, 1495, 1395, 1382,
1300, 1150, 1100 cm™

Mass spectrum (70eV): m/e = 439 (M1)

4

Preparation of p-nitrobenzyl 2=benzamido=3~(((4*'~formyl-
2%,2 ' ~dimethyl-1',3'~dioxolan~4'~y1l)methyl)oxy) ac_:._yla*ée
(143) from (140)

4

This yellow foamy compound was prepared in the same
way as (141) from (140).

Yield: 72 %, mp: 57-58°C :

i)




ot

)

Nmr (CDClz) : §.1.42 (s, 6H, acetonide), 3.83-4.3 (m, 4H,
two  OCHp), 5.25 (s, 2H,. CHa=CeH,), .7.18~
8.13 (m, 11H, phenyl, p-n1tropheny1 NH and
C=CH), 9.64 ppm (s, 1lH, CHO)

Ir (CHC13) 3400, 1715 (ester), 1705 (aldehyde), 1660
(amide and C=C), 1600, 1464 1370, 1343,

1280, 1140, 1085 cm™

Mass spectrum (70eV): m/e = 484 (M*).

Analysis: Calculated for C,H,4N209: C, 59.50; H, 4.99;

N, 5.87, Found: C, 59.79; H, 4.79; N, 5.64

aza (spiro) [4,5) dec-9—ene-8-acetic ac:Ld benzyl ester

46) from 41

The aldehyde ester (141) (1.16 g) was dissolved in |
dry tetrahydrofuran (5 ml) and 1,1 equivalents.of ammonia
solution in tetrahydrofuran was added. The mixture was
kept overnight at room temperature, dried over anhydrous
sodium sulfate, filtered and evaporated in vacuo. The '
residue was passed throdgh a silica gel column using
methylene chloride-e‘trhyl ether (5:1) as eluent.
Evaporation of the sgolvent gave a white solid.

Yield: 1.1 g (94 %), mp: 66-68°C
Nmr (CDCl,) : 6 1.42 (s, 6}l, acetonide), 3.77-4.13 (m,

4H, two OCH2), 5.0 (d, 1H, N-CH-COO), 5.38

ey
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(s, 2H, CH2=CeHs), 5.74-5.98 (m, 1H, N-CH-O0),
7.38 (s, 5H, phenyl), 7.82 (4, 1H, N=CH),

7.99 ppm (s, 4H, phthalimido)

Ir (KBr): 3500, 2995-2880, 1800/1730 (phthalimido), 1760

(ester), 1660 (amide and C=N), 1395, 1382, 1280,

1220, 1100 cm™

Mass spectrum (70eV): m/e = 464 (M™)

Analysis: Calculated for C,gHo4N20;: C, 64.65; H, 5.21;
N, 6.03, Found: C, 64.43; H, 5.31; N, 6.18

Preparati of a-ge ido-2,2-dimethyl-1 ~trioxa-9-

aza_ (spiro) [4,5] dec-9-ene-8-acetic acid begzxi ester

(147) from {142) -

This white foamy compound was prepared in the same

way as (146) from (142). ‘

Yield: 92 %

Nmr (CDCl3): & 1.38 (s, 6H, acetonide), 3.4-4.15 (m,
5H, two OCH, and N-~CH=COO), 5.25 (s, 2H,
CH2~CgHs), 5.43 (m, 1H, N-CH-0), 7.43 (s,

- 5H, CH;-CgHs), 7.33-7.98 ppm (m, 7H, NH,
0=C-CgHs and N=CH)

Ir (CHCls) :3450, 3000-2885, 1755 {(ester), 1675 (amide

=]

and C=N), 1528, 1470, 1395, 1383, 1180 cm .

438 (M

Mass spectrum (70eV): m/e



Analysis: Calculated for C,,H,gN;0g: C, 65.74; H, 5.98;

N, 6.39, Found: C, 65.82; H, 6.04; H, 6.51

Preparation of a-benzamido=2, 2-dimethyl=-1, 3, 7-trioxa«~9-

aza (spiro 4,5] dec-9-ene-8-acetic acid p-nitrobenzvl

ester (148) from (143)
'\

This pale yellow solid was prepared in the same way

as (146) from (143). v

Yield: 91 %, mp: 63-64°C

Nmr (CDCl;): & 1.33, 1.39 (each s, 6H, acetonide), 3.34-

4.23 (m, 5H, two OCH, and N-CH~-COO), 5.28 .

(s, 2H, CH2~CgHa), 5.34~5.45 (m, 1H, N-CH-0),

7.05 (broad , 1lH, ﬁH), 7.37-8.18 ppm (m, 10H,

phenyl, p~nitrophenyl and N=CH)

Ir (CHCl3) 33460, 1750 (ester), 1695 (amide), 1630 (C=N),
. 1548, 1395, 1366, 1310, 1158, 11rqw§m"'

Mass spectrum (?OeV): m/e = 483 (M+) -

Analysis: Calculated for C24H2s5N30g: C, 59,62; H, 5.21;

N, 8.69. Found: C, 59.26; H, 5.47; N, 8.90

Al

The Hydrogenolysis product of the imine ester (146)

P
PR e

' — The imine ester (146) (464 mg) was dissolved in
absolute ethanol (20 ml) and an excess amount of palladium

on charcoal (10 %) was adaed. The hydrogenolysis was

-

&
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performed under 1 atm at room temperature for 2 hours.
The solid was filtered off and the fiitrate evaporated -
to dryness in vacuo. The white solid was washed several
times with benzene and dried in vacuo. i
Yield: 300 mg (91 %), mp: 72-73°C
ng/{CDCla): 5 1.32, 1.37 (each s: 6H, acetonide), 2.94-
| 4.03 (broad m, 8H, two NCH,, kwo OCHq), 7.6 ppm
(s, phthalimido)
Ir (KBr): 3450, 1795/1730 (phthalimido), 1650 (C=N),
1413, 1385, 1225, 1100, 1065 cm™

ass spectrum (70eV): m/e=330 (M*)

Preparation of ethyl isonitrile

4

The proceéufé of Jackson and Mclf.usick.’4 was followed-
and the fraction boiling at 76-79°C Ylit.7‘ 77-79°C) was
collected, '

Yield: 41 %
Nmr (CDCl,): & 1.2-1.53 (m, 3H, CHj), 3.2-3.65 ppm (m,
2H, CH,)

Ir (CClg): 3010, 2170 (N=C), 1480, 1466, 1395, 1360,
\

1100 cm™ : /
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-
Pr O -lidr o At =5=0%az0

sodium_salt (156) ‘ R

This white powder was prepared in the same way as
(136b) from (104) and sodium ethoxfae,aand recrystallized
from ethanol-dioxane (1:3). . .
Yield: 92 %, mp: 298-300°C (decomp.)
Nmr (DMSO-dsi 57.5-813’(m, 5H, phenyl),
' 9.07 ppm{s; 1H; C=CH)
Ir, (KBr): 3460 (broad), 3070-2865, 1735, 1705, 1652, 1640,
1595, 1580, 1460, 1372, 1340, 1240 cm™
Analysis: éalculated for Cy HgNO3Na: C, 56.88; H, 2.86;

N, 6.63.. Found: C, 56.,67; H, 3.11; N, 6.92

Preparation gf 4-((((2',2'-dimethzl-4'-(3“-methzlthiazol-

idine—2"1y;)~1'tgf-dioxolan-4'-yllmethyl)ogzzmethyleng)-

Z—Qhenzl-s-oxazologe (157) -

The sodium salt (156) (3.17 g = 1.5 equiv.) was
suséended in a solution ofAthe thiazolidine mesyléte 550)
(3.11 g) in 2~butanocne (100 ml) and refluxed for 8 hours
at lOOOC.“”The salt ‘was filtered off and the filtrate
evaporated. The residue was dissolved in ethyl ether
(50 ml), treated with charcoal, filtered and the filtrate
evaporated. The yellow rééidue,wasﬁpassed through a gilica

[
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gel column using methylene chloride-ethyl ether (1:1) as

g
eluent, Evaporation of the solvent gave. a pale yellow

foam.- - ’ PN

Yield: 3.80 g (94 %) °

Nmxr (CDClb)} 5 1.48 (s, 6H, acetonide), 2.38, 2.52 (each s,
3H, N=CHz), 2.8-3,32 (m, 4H, N~CH,~CH;~S), 3.9-
4.65 (m, SH; two OCH, and N-CH-S),"7.42—8.24’

., ppm (m, 6H, phenyl and C=CH) ‘

Ir éECl4): 3010-2822, 1800 (oxazolone), 1680 (C=C), 1456,
1395, 1385, 1338, 1310, 1262, 1228 em™

Mass spectrum (70eV): m/e = 404 (M1)

Analykis: Calculated for C,oHz4N20sS: C, 59.40; H, 5.98;
N, 6.93; S, 7.91. Found: C, 59.12; H, 6.14;

N, 6.90; S, 7.74

]

Preparation © -trich;o thyl 2-benzamido-3-hydroxy-—

acrylate (160a)

4-Hydroxymethylené-2-phenyl-5~oxazolone (104) (9.45 g)
was suspended on dry benzene (500 ml) a;d B.B.8-trichloro-
ethanol (7.5 g) was added. The suspension was stirred under
reflux for 6 hours and the clear solution evaporaied. The
oily residue was triturated with petroleum ether (30-60°C)
and kept 6vernight in the refrigerator. The red solid was
collected by filtration and recrystallized from petroleum

ether (60-80°C). Treatment with charcoal gave white needles.
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: Yield: 13.7 g (81 %), mp: 97=98°C

.  Nmr (CDClj): & 4,98 (s, 2H, CHa~CClz), 7.57-8.15 (m, 6H," -
phenyl and C=CH), 8.6 (broad, 1H, NH), 12,7
ppm (broad, 1H, OH)

Ir (KBr): 3380, 1725 (estér), 1665 (amide and ¢=C), 1615,
1554, 1505, 1463, 1390, 1357, 1325, 1312, 1280,

. ' ' 1268, 1240, 1162, 1115 cm™ ;

Analysis: Cglculated for Cyy HygNO4Cly: C, 42.57; H, 2.98;
o N, 4.14; Cl, 31.61. Found: C, 42.83; H," 2.74

| N, 4.27; Cl, 31.29

) . -~

{ \
Prggaragiog of fB,8.,8~trichloroethyl z-ghégxlacetgmido-
3-hydroxyacrylate (l16la) g

o

This pale yellow crystal was prepared in the same way

- as {%60a) from (116) and B,8,8-trichloroethanol, and

- Tecrystallized from cyclohexane, ¢

P——s

4

., Yield: 75 %, mp: 74-75°C
Nmr (CDClg): 8 3.73 (s, 2H, CH,~CeHs), 4:74 (s, 2H, CHp-
ccls), 7.33 (s, S5H, phenyl), 7.5? (s, 1H, C=CH),
7.55 (broad, 1H, NH), 12.21 ppm (broad, 1lH, OH)
Ir (KBr): 3300 (OH), 1730 (ester), 1670 (amide and C:=C‘),

+

1572, 1341, 1290, 1231, 1125 cm™ _
Analysis: Calculated for C;3 Hi2 NO4(;13: C, 44.28; H, 3.‘43;_
N, 3.97; Cl, 30.16. Found: C, 44.49; H, 3.71

.;\ . N, 4.17; Cl, 29.99
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-

-

Preparation of -trichloroethvyl .2-bepnzamido~3-hydro

acrylgte sodium salt (160b) from (160a)

“

B,B,B~trichloroethyl 2-benzamidg-3-hydroxyacrylate
¢(160a) (4.06 g = 1.2 m mole) was suspended on absolute
ethanol (5 ml) and an ethanolic solution of sodium ethoxide
(230 mg of sodium in 10 ml of ethanol) was added. The
mixture was shaken for 10 minutes and ethyl ether (50 ml) -
added. The precipitated sodium salt was collected by
filtration, washed several times with ethyl ether and
dried in vacuo, T
Yield: 3.4 g (95 %), mp: 200-202°C (decomp.)

Nmr (DMSO-dg): 8 4.74 (s, 2H, CH2~CCl3), 7.25-8.17 (m,
5H, pheny}), 8.27 (broad, 1H, NH), 9.1l2 ppm
(s, 1H, C=CH) ‘

Ir (KBr): 3300 (broad, salt), 3070, 2960, 1675, 1640,
1592, 1540, 1500, 1373, 1287, 1160 cm
Analysis: Calculated for Cy; H g NO4ClzNa: C, 39.87;

H, 2,52; N, 3.89; Cl1, 29.50, Found: C, 39,90

‘4, 2.63; N, 4.13; cCl, 29.74

b}

Preparation of f, B,8-trichloroethyl 2-phenylacetamido-
3-hydroxyacrylate sodium salt (161b) from (16la)
l)

This white salt was prepared in the same way as

(160b) from (l6la) and sodiufn ethoxide.




r~

L

Yield: 93 % based on sodium, mp: 92-93°C (decomp.)
Nmr (D,0): & 3.49 (s, 2H, CH,~CeHs, 4.43 (s, 2H, CH,~CClj),
} .
7.14 (s, SH, phenyl), 8.58 ppm (s, 1H, C=CH), NH

was exchanged with D,0,
4

Ir (KBr):3405, 3300, 3048, 2983, 1678, 1652, 1570, 1418,

1376, 1290, 1125 cm™

Analysis:Calculated for Cy3Hy NO4Cl;Na: C, 41,68; H, 2.96;
N, 3.74;Cl1, 28.39 Found: C, 41.74; H, 3.18;
N, 3.42; Cl, 28.06

R

reparati 0 =trichloroethyl 2-benzamido-3- '

3'=~dioxolan~-

2'~dimethyl-4'~(3"-methylthiazolidine~2"-y1

4‘-zl)methzl)ogx)ac;xlate (158)

The sodium salt (160b).(5.6 g = 1,5 equiv,) was
suspended in a solution of the thiazolidine mesylate
(50) (3.11 g) in dry 2-butanone (50 ml) and the mixture
stirred at 80-85°C (bath temperature) for 12 hours. The
salt was filtered off and the filtrate evaporated. The
red residue was dissolved in ethyl ether (50 ml), treated
with charcoal, filtered and evaporated. The yellow oil
was further purified by passing through a silica gel column
using methylene chloride-ethyl ether (1;1) as eluent,
Evhporation of the solvent gave a pale yellow foam,
Yield: 5.21 g (94 %)

Nmr (CDCl3): & 1.33, 1.42 (each s, 6H, acetonide), 2.37

, 2.42 (each s, 3H, N~CH3), 2.77-3.2 (m, 4H, N-

/

’
r
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‘ , CHp-CH,-§), 3.84-4.54 (m, 5H, two OCHp and g

' N—CH-S), 4.87 (s, 2H, CH;=CCls), 7.33-8.0 ppm
(m; 7H, phenyl, NH and C=CH)

Ir (CCls): 2990-2800, 1730 (ester), 1698 (amide), 1660
(c=C), 1503, 1480, 1381, 1369, 1210 cm™

Mass spectrum (70eV); m/e = 554 (M+f

Analysis: Calculated for ngHgvnzé;SClgze?C, 47.71, H,4.91;

“ N, 5.067 S, 5.79; Cl, 19.20. Found: C, 47.99;
H} 5.10; N, s.gé} S, 5.50; Cl, 19.41

Preparati of - triéhl roethyl 2-phenyvlacetamido-

iazo idine—2"-yl)-l'/3'-

This foamy compound was prepared in the same way as
(158) from (50) and (161b).
Yield: 93 % -
Nmr (CDCl3): & 1.27-1.50 (m, 6H, acetonide), 2.28, 2.35
(each s, 3H, NCH3), 2.78=3.11 (m, 4H, N=CHy=CHj=
s), 3.63 (s, 2H, ng-Ceﬂsl, 3.8~4.27 (m, 5H, two
~ OCHz and N=-CH-S), 4.75 (s,. 2H, CH,~CCl3), 6.9
] (broad, 1H, NH), 7.3 (s, 5H, Phenyl), 7.53 ppm
(s, 1H, C=CH)
Ir (CClg): 3433, 3010-1390, 1735 (ester), 1700 (amidé), !
1

1664 (C=C), 1500, 1460, 1390, 1380, 1285 cm

‘ Mass spectrum (70eV): m/e = 568 (M%)
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Analysis: Calculated for C,;HpgN,04SCl3: C, 48.64; H, 5.15;

N, 4.93; S, 5.63; Cl, 18.73. Folind: C,*48.97;

H, 5.32; N, 4.89; S, 5.89: Cl, 18.55

Preparation of B,B,8-trichloroethyl 2-bepzamido=3~(((4'-
formyl-2',2'~dimethylz1', 3"-dioxolan-4'-yl) methyl) oxy)
acrylate (163) from (158)

~*

A solution of the thiazolidine ;aster (158) (1.11 g)
in acetonitrile-water (4:1) (20 ml) was added dropwise
to a solution of mexrcuric chloride (0.6 g) in the same
solvent (10 ml) under nitrogen and the milky suspension
stirred at 50°C for 3 héurs. The suspension was filtered
and the filtrate evaporated. The residue was extracted
three times with benzene and the combined extracts were
washed with dilute hydrochloric acid and water, dried

over anhydrous sodium sulfate, filtered and evaporated
in v:'—.\cuo. The residue was further purified by passing
through a' silica gel column us*\.i.ng methyiene chloride-
ethyl ‘ether (L:1) as eluent. Evaporation of the
solvent gave a white foamy solid.

Yield: 0.83 g (86 %) .

Nmr (CDCl,): 8 1.39, 1.44 (each s, 6H, acetonide), 3.88-

4.31 (m, 4H, two  OCHz), 4.83 (s, 2H, CH2=CCly),

7.24~8.0 (m, 7H, phenyl, NH and C=CH), 9.72 ppm
(s, 1H, CHO)

149
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Ir (CCls): 3430, 2990-2790, 1730 (ester), 1710 (aldehyde),
1686 ﬁgmide), 1665 (C=C), 1480, 1381, 1372,
1285, 1230, 1100, 1061 cm ' )

Mass spectrum (70 eV): m/e = 481 (M+)

i\nalysis: Calculated for C;g HpoNO7Clz: C, 47.47; H, 4.19;
N, 2.90; C1, 22.12, Found: C, 47.20; H, 4.26;
N, 3.15; Cl, 21.98 .

Preparation of 8,8,8-trichlorocethyl 2-phepylacetamido-

-1 3'-dioxolan-4'- 1)methyl

Qxy)acrylate (164) from (162)

This white foamy solid was prepared in the same way

as (163) from (162).

Yield: 68 % -

Nmr (CDClj): & 1.47 (s, 6H, acetonide), 3.6 (s, 2H, CH,-
CgHs), 3.78-4.21 (m, 4H, two  OCHp), 4.67
(s, 2H, CHp;=CCly), 7.18 (bro7é, 1H, NH), 7.23
(s, 5H, phenyl), 7.42 (s, 1lH, C=CH),
9.67 ppm (s, 1H, CHO)

Ir (CCl,): 3430, 3040-2960, 1740 (estér), 1700 (broad,
aldehyde and amide), 1665 (¢=C), 1501, 1386,

)
1378, 1285, 1225, 1165, 1118} 1060 cm™

\

Analysis: Calculated for CaoHz,NO7Cly: C, 48.55; H, 4.48;

+ -
Mass spectrum (70 eV): m/e = 494 (M)  \

N, 2.83. Found: C, 48.86; H, 4\8; N, 3.0l
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The thiazolidine ester (158) (554 mg) was dissolved

in 90 % aqueous acetic acid (10 ml) and an excess amount

of zinc dust was added. The mixture was stirred for 2

hours at room temperature and filtered. The filtrate was

poured into water (20 ml) and the aqueous solution extracted

witﬂ ethyl acetate. The combined extracts were dried over

anhydrous sodiﬁm sulfate, filtered and evaporated in vacuo.

jThe residue was passed through a silica gel column, first

eluting with methglene chloride~ethyl ethexr (1:1) to remove

any neutral compounds and then with methanol. The me ol

solution w;s evaporated in vacuo and the residue was ZZ::olved

in ethyl ether and filtered. Evaporation of ethyl e eru

gave a white solid, x

Yield: 295 mg (70%) , mp: 673?9%

Nmr (CDCl3): & 1.43 (s, 6H, acetonide), 2,23-2.49 (m, 3H,
HN'-CH3), 2.68-3.17 (m, 4H, N-CH;~CH,-S), 3.67-
4,48 (m, 5H, two OCH, and N-CH~-S), 7.23-8.0
(m, 7H, phenyl, NH and C=CH), 8.5 ppm (broad,
1H, N'H)

i

Ir (KBr): 3450 (broad), 3018=2780, 1720 (acid), 1678

ide), 1646 (C=C), 1548, 1500, 1395, 1385,

280, 1230, 1162, 1070 cm™ )



Mass sgpectrum (70 eV): m/e = 422 (M%)

Analysis: Calculated for C,oH,gN,0¢S: C, 56.86; H, 6.20;
N, 6.63; S, 7.58. Found: C, 56,75; H, 6.42;
N, 6.45; S, 7.79

Attempted preparatiop of 2-bepzamido~3-({((4'~formyl-2',2'~
dime;hxl-;',§'-dioxolgn-4'-xl!me§hxl)ozx!acgzlic acid (89)
from (163)

The aldehyde ester (163) (482 mg) and zinc dust were
stirred in 90 % aqueous acetic acid (5 ml) for 2 hours at
0°C: Ethyl acetate (20 ml) was added and the solid filtered
off. The filtrate was washed with dilute hydrochloric acid
and water, dried over anhydrous sodium sulfate and*filtered.
Evaporation of the solvent gave a white solid. |
Yield: 127 mg (36 %), mp: 106-109°C
Ir (KBr): 3360 (broad), 1720 (broad, acid and aldehyde),
1662 (amide and C=C), 1534, 1495, 1394, 1385,
1230, 1161, 1100 cm™
Analysis: Calculated for Cy;H;gNO7: C, 58.45; H, 5.48;

N, 4.01, Found: C, 57,99; H, 5.33; N, 3.94

The nmr and mass spectra could not be interpreted.
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Preparation of a=benzamido=2,2-dimethyl=-l, 3, 7=trioxa=9-

. N ¢
aza (spiro) [4,5] dec-9-ene-B8-acetic acid B,8,B-trichloro-

eth egter (1 from (163

/
i

-

A solution of the aldehyge ester (163) (0.4 g) in dry
tetrgﬁydrofuran (5 ml) was treated with 1.1 equivalents of
amménia in dry tetrahydrofuran and the mixture kept overnight
at room temperature. Drying over anhydrous sodium sulfate,
filtration and evaporation gave a foamy solid, which was
further purified by passing it through a silica gel column
using methylene chloride—eth;l ether (1:1) as eluent.
Evaporation of the solvent gave a white foam.

Yield: 0.36 g (90 %)

Nmr (CDC1l3): & 1.57 (s, 6H, acetonide), 3.68-4.39 (m, 3H,
OCH, and N-CH~C00), 4.2 (s, 2H, OCHp), 4.8~
5.‘0 (m; 2H, CH2~CCl3), 5.49 (m, 1H, N=~CH=-0),
7.0 (broad, 1H, NH), 7.28-8.0 ppm (m, 6H,
phenyl and N=CH)

Ir (CCls): 3018~2865, 1770 (ester), 1688 (amide), 1665
(e=N), 1520, 1490, 1390, 1378, 1226, 1162,
1100, 1063 cm™

Mass spectrum (70 eV): m/e = 480 (M+)'

" Analysis: Calculated for CigH,iN,06Cly: C, 47.57; H, 4.41;

N, 5.84; C1, 22.17. Found:l C, 47.46; H, 4.61;

N, 6.02; Cl, 22.24
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Preparation of a-phepylacetamido=~2,2~dimethyl-1l,3,7-
trioxa-9-~aza (spiro) [4,5]1 dec~9-ene~8-acetic acid
B.B8,B-trichloroethyl ester (166) from (164)

This yellow foamy compound was prepared in the same

way as (165) from (164).

Yield: 91 %

Nmr (CDCl;): 6 1.42 (s, 6H, acetonide), 3.69 (s, 2H, CH2~ 4
Ce¢Hs), 3.6-4.28 (m, 5H, two OCH , aﬁd N-CH-
Co0), 4.7-4.93 (m, 2H, CH,=CClz), 5.43 (broad,
1H, N-CH-0), 6.25 (broad, 1H, NH), 7.33 ppm
(6H, phenyl and N=CH)

Ir (CCls): 3465, 3005-2895, 1775 (ester), 1690 (aﬁ}de o
and C=N), 1508, 1390, 1380, 1220, 1100 cm%'

Mass spectrum (70 eV): m/e = 493 (M+) ,

Analysis: Calculated for CyoH,3N204Cl3: C, 48.65;
H, 4.70; N, 5.47; Cl, 21.54; Found:
C, 48.26; H, 4.83; N, 5.31; Cl, 21.61

.

Preparation of the oxacepham derivative (53)

The imine ester (165) (1.0 g) was dissolved in 90 %
aqueous acetic acid (10 ml) and zinc dust (2.0 g) was
added. The mixture was stirred for 2 hours at 0°C and
the solid was filtered off. The filtrate was evaporated

under high vacumm and the resulting solid was washed



several Fimes with petroleum ether (60-80°C) and dissolved

in chloroform (5 ml). Hydrogen sulfide was passed into
the sol&tion and the precipitated zinc sulfide was filtered
off.’ To this filtrate, petroleum ether (60-80°C) (20 ml),i
pH 6 buffer solution (30 ml) and ethyl isénitfile (0.5 g)
were added respectively and the two phase mixed with
vigorous stirring for 12 hours. ?he two phases were then
separated and the aqueous layer extracted twice with
chloroform. The combined organic layers were washed with
0.1 N hydrochloric acid, sodium bicarbonate solution and
water, dried over anhydrous sodium sulfate and evaporated
in vacuo. The crude product showed several spots in t.l.c.
agd thus purified by thin layer chromatography oeﬂgilica
éel plates (10 mm, dimethoxyethane/CCl4 = 1/4, R¢ = 0.5).
Yield: 42 mg (5 %)
Nmr (CDCly): & 1.2-1.53 (m, 9H, acetonidé and CHj),
3.74-4.62 (m, 8H, N=~CHjy,‘two OCHz and two
N-CH-C=0), 5.83 (broad q, J=6 Hz, 1H, N-CH-0),
7.2-?.0 ppm (m, 7H, two of NHC=0 and phenyl)
Ir (CCl,): 3460/3380 (NH), 3000/2960/2900 (CH), I750
(Lactam), 1685/16751 (amide), 1530, 1492, 1390,
1380, 1374, 1300, 1227, 1188 cm~!
Mass spectrum (70eV): m/e=403 (M%), 345 (403l: acetone),
303 (345 - N=C=0), 243 (for the ién (169)),

161 (for the ion (170))

2



Preparation of t-butvldimethvlsilyl 2-benzamido=3=(((2',2°=
dimethz;-4'-{3"-methxlthiazolidine-2"-yl)-1',3'-dioxolan-
4'-yl)methyl)oxy)acrylate (171)

L 4

The thiazolidine acid «(145) (320 mg), t~butyldimethyl-
chlorosilane (;70 mg = 1.5 equivalents) and imidazole (127
mg = 2.5 equivalents) were dissolved in dry dimethylform-
amide (5 ml) and the mixture was stirred for 24 hours at
room temperature., The @ixture was poured into chloroform
(50 ml) and the resulting solution was washed with brine,
sodium bicarbonate solution and water: The chloroform
solution was dried over anﬁydrous sodium sulfate, filtered
and the so;vent evaporated. The white foam was pumped
overnight but the chlorosilane could not be completely
removed.

Yield: 310 mg (80 %)

Nmr (CCls): & 0.3 (s, 6H, CH3 -Si~CH3), 0.97 (s, 9H, t-butyl),
1.23-1.47 (m, 6H, acetonide), 2.3, 2.35 (each s,
NCH3), 2.7-3.1 (m, 4H, N-CHq -CH7 =S) ,
3.87-4.66 (m, 5H, two OCH2 and N-CH-S),
7.18-7.86 ppm {m, 7H, phenyl, O=CNH “and C=CH)

Ir (CCls): 3400, 3060-2800, 1730-1660 (intense broaq peaks,
ester, amide and C=C), 1518, 1486, 1385, 1370,
1310, 1226, 1145 cm™!

Mass spectrum (70eV): m/e = 536 (M)
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Preparation of t-butyldimethylsilyl 2-benzamido-§—((s 4!~

formyl=-2',2"'~dimethyl=-1',3'~dioxolan=4'=yl)methyl)o
acrylate (172) from (L71) '

The thiazoliéine'silyl ester (171) (270 mg) was
dissolved in methylene chloride (5 ml) and the solution
cooled to°0 C. ,m—Chloropefbénzoicpacid (220 mg = 2.1
equivalents, Aldrich, 85 %) was added to this solution
and the mixture stirred for 5 minutes at this temperatufe.
The resulting solution was diluted with methylene chioride
{10 ml) and washed with sodium bicarbonate solution and
water. Drying and-evaporation gave a white foath.

Yield: 185 mg (79-%)

Nmr (CDClz): & 0.3 (s, 6H, CH,~Si-CHj3), 0.95 (s, O9H,
t-butyl), 1.27-1.57 (m, 6H, acetonide),
3.43-4.5 (m, 4H, two OCHj3), 7.24-7.93 (m,

& 7H, phenyl, O=CNH and C=CH), 9.57 ppm (s,

1H, CHO)
Ir (CHCla); 3410, 2950/2850, 1730-1660 (intense broad
peaks, ester, aldehyde, amide and C=C),
1520, 1490, 1485, 1385, 1375, 1318, 1155 cm™"
Mass spectrum (70eV): m/e = 463.(M1)
Microanalyfis could not be performed because of the

contaminition with the chlorosilane.
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