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!J'HE s\rNTHEs I5 OF AN OXACEPHAM DERIVATIVE 

Bon<j Young Chung 

Department.~f Chemistry 

McGill University 

Montreal, Quebec·, Canada 

Abstract 

, . 

"The total synthesis of an oxacepham deri~ative 

starting from D-mannitol was acoomplished. During the 

course of the synthesis, an improved procedure for the 
...... 

preparation of oxazolidine mesylate was developed. AIso, 
. 

a new aldehyde protecting group was develdped which was 

stable to nucleoppilic attack by oxygen anions and was 

easily,removed with mercuric chlori~e or with m-chloro­

perbenzoic acid: Seve!al attempts using different acid 

protecting groups for the synthe sis of the oxacepham 

derivatives were investigated in detail and the resulting 

products were characterized. In addition, many new 

compounds were prepared and characterized. 
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La SynthèsF d'un Dérivé Oxacépham
o 

Bon~ Young Chung 

Department of Chemistry 

McGlll Unive'rsity 

Montreal,.Quebec, Canada 

, , 
Resume 

La synthèse totale d'~n dérivé oxacépham'à partit 

du D-manni toI a été effectuée,. Durant ce travail, une 

procédure am~liorée pour la pr~paration du mésylate de 

l'oxazolidine a été développée. De plus, un nouveau 
JI.. 

, 1 1 •• 1 

groupe protecteur d'aldehydes a ete ut1l1se, lequel a 
\ 

, ~.... JI 1 , 

ete s;~le a l'at~que nU~leoPhile par res anions oxygenes 

et a ete facileme~t enleve avec le Chlfrure mercurique 

ou l'acide m~chloroperbenzoîque. Plu/ieurs tentatives 

utilisant différents groupes protecteurs d'acides pour la .. 
... "" '" "" ~ , synthese de derives oxacephams ont ete etudiees en detail 

et les produits obtenus ont été caractéris~s. Plusieurs 

nouveaux composés ont aussi ~t~ prépares et caractéri,sés ~ 
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INTRODUCTION 
i 

\ 

Cephalosporins or cephems are ~-lactam containing 

heteroc'yclic compounds of the type (J:i. which are C::losely 
, 

~elated to p icilliQs (2), in terms, of their structures 

and various 

sul fur atom 

and chemical properties. If the 

halosporins is replaced by oxygen, the 

resulting compounds are oxadethiacephalosporins (3), 

which will be referred to as oxacephems. 

~
OH 

4- 0 
. CH,C 3~" 

Il 1 6 7 
o 2 X~HCO-R 

H H 

(1) x= s 
(3) x= 0 

" 
COOH 

'!:x ( ~~j: : HCO-R 
H H 

(2) 

Since these oxacephems are not naturally occurring 

and their chemical synthesis has never been attempted 
-

unt~l quite recently, their chemical and biological 

'properties were entirely unknown. Hence, it is worthwhile 

to describe the backgrounda of èephalosporins first, and 

then the anticipated properti~s of the oxacephem 

derivatives. 

1 
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1. Cephalosporin C and the related antibiotics. 

During the search for antibiotic-producing organisms, 

Brotzu' in 1945 di~overed a new fungus near a sewage outlet 

in the sea off Sardinia, which he concluded was similar to 

Cephalospor~um acremonium. B~cause of the inadequate 

facilities in Sardini~, a cultur~ of the Cephalosporium 

species was sent to Sir-Howard F10ry at OXford University 

who had been very active in penicillin research • 

(4) 

A detailèd-~~nation of aIl the antibiotics produced 
, ~ 

by this Cepha1ospor!um species was carried out by Abraham 

and Newton 2 ,also at OXford University. In 1955 they 

isolated fram its cultures a new antibiotic substance, 

Cephalosporin C (4), whose structure was det~rmined by the 

same authors 3 and confirmed by Hodgkin and Maslen4 by means 

of single crystal X-ray ~ studies in 1961. 

2 
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A vari~y of derivatives of 6-aminopenicillanic acid 

,(5) can be easily bios~nthesized through appropriate 
:411 , 

modification of the culture medium. Thus any multistep 
~ .~ 

chemical synthesis of penicillins can hardly be expected -' 

to be of immediate practical importance. This is not true, 

however, for the cepbalosporin series of (3 -lactam 

antibiotics. While a strain of Cephalosporium species, 

(5) (6) 

mutant 8050, which produced much more cephalosporin C than 

the wild strain, was discovered by the-Antibiotics Research 

station of the Medical Research Council s
i attempts to ihduce 

the biosynthesis of c~halosporin analoqs during ferm~nta­

tion have not been successful, because the key intermediate, 

7-aminocephalosporanic acid (6), is not easily biosynthesized. 

Bence, many attempts to synthesize cephal~sporin derivatives 

"have been made, but without much success. 

( 

. " 



i The most successful\ stereospecific total synthesis of 
• 6 

cephalosporin C and cephalothin was announced by Woodward 

in his Nobel lecture in 1965. By using natura~)L-cysteine 

(7) as a ~tarting 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 asymmetric center, 

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

COOCHJ 

ri 
S N-C-Ot-Bu 

X~ 

(7) (8) 

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

and then tréated with ~-butoxycarbonyl èhloride to give 

an acid which was esterified with diazomethane to 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 amal~ in methanol gavè the desired cis amino 

ester (11), whi~h was t/~Sformed to the ,B-Iactam (12)' 

using triisobutyl aluminum • 

• 

4 
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CHpoc-NH 
J 1 

CHPOC-NHCOOCHa 

S N-C-Ot-Bu 

X& 

(9) 

---/ 

NH, COOCH, 

H·H·H 
S N-C-Ot-Bu 

X~ 

(11) 

HO COOCH, 

H 
S N-C-Ot-Bu 

X& 

(10) 

H~ 
H··~··H 
t, H-Co-t-Bu 

X & 

(12) _ 

This , ~-lactam was condensed with the preformed 

dialdehyde (13)/ to afford (141, whose N-and S-protecting 
\ 

groups were removed by trif1uoroacetic acid to give the 

amino a1dehyde (15). The 7-amino group of (15) was then 

acy1ated with thieny1acety1 ch10ride or protected D-a-
'J' 

aminoadipic " acid and the a~dehyde group was reduced with 

diborane. Then, acetylation of the re~u1tin~ hydroXy group) 

isomerization of the double bond in pyridine ·and reductive 

c1e'a'V'age of the trichloroethyl ester group with zinc in 

90 % aqueous acetic acid gave cepha1osporin C (4) ~nd 

cephalothin (16). 

\ 
\ 
\ 
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COtCHI-CCI. 
1 

CH 
" C 

H .. • • ,H C C 

" " 0 0 

(13) 

\ 

(15) 

\ 

.' 

t 

\.r ~Cl; CH,,;·,,· • 
"CH 0 

OHC-~' '~-f 
CH )---\ .~ 
, 5 N-C-Ot-Bu 

HO ,X g 

(14) of 

- .) 

The other total synthesis of a cephalosporin derivative 
. _ .. ~ . 

.. _ .. Ifi,.-

has been rêported by .Heyrnès, AÏniard ~d -Nominè 7, and 

,Christensen8 recently pUblished a praçtical approach to 
~ 

cephalosporin derivatives •. A nurnser of review articles and 

monograp~s~-17 have dealt with otper synthetic approaches 
1 ' 

and with the chemistry and biological-activity ~f~ 

cephalosporin antibiotics~ 
" ' 

modes 

CephalC!spo~ins ~d p.enicillins I:i~em t.o hav7 
of action, ~nter~ering with ~ctetia~ cell 

~ . ~,/ 

" J 
~ 'i 

sirnilar 

wall 

.' 6 
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,. 
synthesi's 'S-2' ~ However, cephalosporins have sorne 

characteristics that in ~ome cases make them more useful 

than penicillins. They are, like penicillins, non-toxic, 
. 

but they are more acid stable than penicillins and more 

chemical vàriations a~ possible. They are active against 

penicillin resistant staphylococci, and have good gram­

positive and sorne gram-negative antibacterial activity. 

Perhaps, the greatest. advantage of cephalosporins over . 
penicillins is that they are less susceptible to cause 

allergie reactions. The rnost important disadvantage, 

4?owever, is that they are much more expensive than penicillins. 

Cephalosporins as weIl as penicillins are not 

effectiv~ against aIl infeçtious diseases. Certain kinds 
, 

of diseases, however, can easily be cured by these compounds. 

Respiratory diseases, 'such as pneumonia, scarlet fever, sore 

throat, and ear infections aIl resp?nd to cephalosporin 

treatment. Many infections of the urinary tract, infections 

of wounds, boils, gas gangrene, and abscesses, tetanus and 

meningitis can be controlled. AIso, syphilis 

can be cured with cephalosporins. 

and gonorrhea 

\ 
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2. Qxyqen apa10qs of c,pha1osporin aptibiotics 

In 1968, Sheehan22 reported the synthesis of a new 

series of oxygen ana10gs of the cepham ring system (17). 

~is was the on1y examp1e of the oxacepham ring system in 
, 

the ~iterature when w~ started our research in 1973. 

(17) 

f' 

He prepared the 2-ary1-S,6-dihydro-l,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 origina11y descriHed by Ti11manns 

and Rit~er23. The reaction of these oxazines (18) with 
. "'-
~h~ha10Y19lYCYl chloride (21) and ~~iethylamine in refluxing 

\ . 
benzene gave the ~-lactam, 2,~,4-trimethyl-6-aryl-7-

\ 

phthalimidooxacepham (17). 

, " . 

8 
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e, 

" CH R: C,H, 

R-C=N CHf-C.Hs 

\ 
C,H,- m-N0 t 

..", ~ 
" 

.'(; 

(20) (19) 

ff 
CI-C-CH z-

(18) (21) 

The ~-lactam carbony1 absorption frequency of these 

oxacepham derivatives in the infrared appeared at 1760 cm-1
• 

This frequency is near1y 20 cm-1 higher than ~hat (1740 

cm~) of the cepham derivative (22) which was synthesized 

by Rossy 24 and by Rosebery25. Both of these t3-1actam .. 
carbony1 absorption frequencies shou1d increase when the 

double bond ia introduced ia the 3-position, because the 

{3 -lactam nitrogen p1anarity is de.creased. This is 'true 
J 

t 

for the cephems (1), for which the ~-lactam absorption 
l '0;, 

frequency '"appe~s at 1785 - 1790 cm-1 • Thus we wou1d 

expect that the ~-lactam carbony1 absorption frequency 

of the oxacephem derivatives (3) would appear around 

1800 - 1810 cm-1 
• 

- -
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'. 

y CONHO 

Lf,'J=f:HCOPh 
1 

(22 ) 
( 

(1) 
(3 ) 

x=s 
X=O 

Coneerning the ~-laetam(earbonyl absorption 

frequeney of eephems or penie,illins, a relationship has 
;" 

been established betwee,n their absorption frequeney and 
, 

biological aetivity. Morirl6 has shawn that, provided that 

a direct correlation exists between ,g-laetam carbonyl 

absorption freqùency and acylation ability (i.e. the 
1 

higher the frequency, the higher the acyla~ion ability) , 

a rough but positive relationship between acylation ~ 

ability 'and biological aetivity can be inferred from 
4!>, 

their infrared data. This relationship has been further 

verifi~d by Sweet and Dahl19 who, on the basis of X-ray 

structure data on the various-cepherns and penicillins, 

suggested that, as the biologieal activity increases, t~e 

~-lactam nitrogen planarity decreases, and the ease of 

basic hydrolysis of the ~-lactam amide bond inereases. 

-

10 
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From the above re1ationships, we would expect that 

oxacephems (3) might we11 have higher biological activity 

than the corresponding cephems (1), if the two hydrogens 
, 

attached to the ~-lactam ring have the correct stereo-

chemistry and a1l of the attached functional groups are 

t.he SA.me, 

œ/R' OCNH ,) 
~ N+_ 

R 'HBr 0 
! , 

R= Br, e.H, 
R'=èH 2 e.H, ,CoH" 

(23) (24) . 
;~ 

N:):)R 
~ I~ o 

HO'" 
H R = Br ,OMe , CH 3 

(25 ) 

Furthermore, certain kinds of compounds having a 1,3-

oxazine ring fused to aromatic, heterocyclic or alicyclic 

nuclei have been reported to have considerable anti­

bacterial, antifungal or cancerostatic activities. For 

ex~p1e, the ~ihydrobenzoxazine derivativés (23) showed a 
• t 

" ' 

11 
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t t t · t" t i ' 27 th l' li s rong canceros a 1C ac 1V1 y n m1ce , e a 1sYC c 

perhydro-l,3-oxazine compound (24) antitumor activity 2' 

and the steroidal derivatives (25) antibacterial and 

t 'f 1 t' 't' 21 an 1 unga ac 1V1 1es • 

In addition.to these various antibacterial activities 

of the dihydro-l,3-oxazine derivatives, the anticipated 

higher j3-1actarn carbonyl absorption frequency of the 

oxacephem derivatives in the infrared could promise that 

the unnatural oxacephem derivatives, available ~lY by 

chemical synthesis, would have more effective biologiéal 

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 
,~-r:.J~\ 

C~a30 reported a total synthesis of an oxacephem derivative, 

oxacephalothin. 

The starting point of their synthesis was 1,3,5-tri­

benzyl-hexahydro-s-triazin~ (26), prepared from benzyl­

amine and formaldehyde. Treatment of (2Q) with diethyl 

phosphite and hydrogen chloride gave N-benzylaminomethyl­

diethylphosphonate hydrochloride salt (27) and its 

hydrogenolytic debenzylatio~ and neutralization gave 

aminomethyldiethylphosphonate (28). The amino group 

was then protected with benzaldehyde and the carboxylic 

12 

• 



, ~unction was inserted with pheny1 lithium and benzyl 

ch1oroformate to give the acylated Schiff base (29). 
l' • 

The benzylidene gro
/
P .was then removed by exchange 

with p-toluenesulfonic ~cid and by neutralization of the 

resulting sulfonate·with potassium hydrogen phosphate to 
"'1. /.;f ~ 

give benzyl a":'aminodiethylphosphonoacetate, which WêiS, 
4, . 

thioformylated with ethyl thionoformate to produce benzyl 

a-thioformamidodiethylphosphonoaceta~è (30). 

o 
T . HCI 

(C 2HsO)! P"-../~ ~Ph 
. , 

(26) (27) 

o 

o COOCH 2 Ph 

(C.H.o}}AN ~CHPh 

(28) (29) 

-
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··e 

(30) (31) 

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 

thiamethoxy ~-lactam (32) was then reacted with chlorine 

to g~ve the isomeric chlora compound (33). Treatment of 

" (33) with 3-hydroxy-2-oxo-n-propyl acetate and separation 

of the result~ng isomers gave (34) in 2~ % yield, which 

was cyclized to (35) in 29 % yield by means of a Wittig 

reaction. 

;:

OCH2Ph o 
l 0 

( C,H,O),P ;.=r 
CH,S: "N, 

H H 

(32) 

/ 

( 

(33) 

14 
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\ 
\ 

,. \ 
\ 
\ 

(34) ~35) 

\ -""'> 

Reduction of the azide function Wi~ p1atinum ?xide, 

fo11owed by acy1ation of the resu1ting am~no group with 
\ 

thienylaeetyl chloride, and hYdrogen01YS~S of the benzyl 

ester on pa{ladium an charcoal gave the\deSired, oxa­

cephalothin' (36), which appeared to be th~ first total 
t 

synthesis of an oxacephem derivative. 
l 
1 

\ 
\ 
\ 

- + \ 

~
COONa Il 

1 

CH CO . 9' -N 0 \ 
'II \ 
o X~NHCOCH -01 i 
• H H 2 S \ .. 

(36) X =0 

(16) X == 5 

1 
\ 
\ 
1 

\ 
\ 
\ 

\ 
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A partial synthesis of the oxacephem derivative (38) 
~ , 

fram,anhydro-6-phthalimidopenicillin (37) was also reported 
'. 

in December, 1974 by S. Wolfe 31 • , 

~OC~Ph . 

CH 7 0 Ça 
02t=+N l '" 

H H ~ 

0 0 

• 

(37) (38) 

In the lecture concerning the synthesis of oxacepha­

lothin (36), Christ~nsen32 showed that the 13-1actam 
. 

carbonyl absorption frequency of oxacephalothin in the 

ihfrared appeared~at 1802 cm-1 ,which i$ 20 cm~ higher 

than that of cephalothin itself. He also showed that the 

gram-positive antibacterial activity of oxacephalothin ia 

exactly the sarne as that of cephalothin, but its gram­

negative activity ia doubled~ These results indicated 
~ 

that the aasumptions upon which the following ~ork was 

undertaken were correct. 

l' 

] 
16 
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3. O-ltli"e of the proiect 

In 1962 ugi33 reported a new method to synthesize a 

penicillin ana10g (43) by treatment of the imine acid (39) 

with an isonitri1e (41) in a two phase mixture of water 

and petro1eum ether. He explained that ii aqueous 'media, 
, ... "" , 

the imine acid is in equi1ibrium 'with the zwitterion (40), 

which reacts with an isonitri1e to form the bicyc1ic 

adduct (42), and that this adduct is converted to the-­

penicillin ana10g (43) by means of the trans-annular acyl 
, "\' 

~migration (Ugi reaction) • 

~ 

. .. 
><::N COOH 

SgCH
3 

(39) 

~~ srt, 
(42) 

.: ~ 

.. 

(40) 

T -
R-N=C 

(41) 

~NHR 

;+ 
S: CH J H H 

(43) 

..... -

1:7 

• 
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This reaction sug~ested an approach t~ synthe~ize 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 oxacephern derivatives (46) and after 

resolution, the two'amide groups would be rernoved by 

phosphorus pentachloride 34 to produce 7-arninooxacephalos­
• pôranic acid (47). 

(44) 

CONH-X 

CH,&o~:~ 
O~NHC-R 
" H H Il 

o 

(46) 

(45) 

(~7) 

l" • 

..., The objective in thl.s work was to devl.se a novel apd 

adaptable scheme for the synthesis of the oxacepharn déri­

vatives (45) ~ing readily'àvailable starting materials. 

18 
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The starting "point of the synthesis was D-manni toI 

(48), from which the mesylates (49) 'and (50) were 
, .. 
prepared. Treatment of these mes_ylates; with the enolic 

salts of the type (51) produced the condensation products 
o ~ 

(52J • From these products, attempts were 'made to 
1 

synthesize the oxacepham derivatives (45). 

HO 
~ HO 

OH 
OH 

OH 

(48) 

'-

(49) X =0 

\ (50) X = S 

-....(52) 

~------------~--------------~----------------

19 
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-- ~ 
- - -Chapter I~dead~ith thé~preparation of-the mesylates 

--
~~ .... (49)---and- -'(-50) ~t;~t-ift9 f-;':om D-mannitor (48). Us'inq these 

mesylates, we attempted to prepar~ the imine acide (44) by 

introducing methyl esters (chapter II), 2-benzyl-5-

oxazolones (chapter III) and benzyl esters (chapter IV) 

as acid"protecting or acid producing groups. byê without 

much success. However, we achieved the synthesis of the G 

oxacepham der~vative (53) using {J, {J, f3 -trichloroethyI 

e~ters as an acid protecting group. 
" 

describe9 _in. __ ch~~_r;"v • 
..,....,-(' - ; - ~ 

,­, , 
.~ 

-
"\, ' .. ~'" 

(53 ) 

This synthes±S is 

20 
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CHAPTER l 

... .,. 

SYNTHESIS OF OXAZOLIDlNE AND THIAZOLIDlNE MESYLATES 

-
The synthesis of the oxazolidine rnesylate (49), 

1. 
, 25 

develop~d by Rossy35 an~ Rosebery in'this laboratory, 
, 
J 

\ 

suffered from the fact that several steps were laborious 

and proceeded in relatively low yield, and that the 

final product was contarninatea with variable amounts of a 

~ide product(lO-50 %), the presence of which had not been 

recognized. 

> 

«' 

1 1 
CH,-N 0 

x:~o .. 
:. 

(49) 

',' 
The ~tarting point of theii synthesis was D-rnannitol 

(48)7 from which the diacetonide (54) was prepared by thé 

Baer and Fischer rnethod
36

• Cleavage of the vicinal diol 

with,lead tetraacetate in benzene and the quick distillation 
, 

gave glyceraldehyde à~etonide (55) in variable yield 3S
• 

- ---

21 



OH 

OH 
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:>< 
HO HO --_._ ..... __ . ........-­

,...~~~~~~p 

--~ ---

H 

HO 

(48) 

OH 

X 
(54) 

Because of the easy polymerization of this aldehyôe on 

standing, freshly distilled glyceraldehyde acetonide (55) ------was i~eated with fQrmaldehyde and potassium 
-------'----.., 

carbonate in aqueous methanol. After rèm~l of the 

Methanol in vacuo below 40°C using a rotary evaporator, 

extraction of the remaining aqueous solution with Methylene 

chloride and evapor.:ltion gave a sticky d~_oxan _(56) • 

(OyOH 

°"tX 

(55) (56) 

s 



--- --- Pyrolysis of a small amount of the dioxan under high 

__ ~ and the quick distillation of the product gavé a ----

50 % y~:xy aldehyge (57), which was i~ediatelY 
~--

---_____ treated with N~ethylethanol'amine (58) to produée the 

,-

oxazolidine alcohol (59) • 

'. 

.. 

n 
CH,-NH OH 

{57} (58) 

In Rosebery's synthesis, the sticky dioxan (56) was , 
directly treated with N-méthylethanolamine in refluxing 

benzene and the produced oxazolidine alcohol (59) distilled 
~ 

under high vacuum. The oxazolidine alcohol was then , 

mesylated with methanesulfonyl chloride, yielding lia 

quantitative yield of the put'.,e--exazolidine mesylate (49)".-

1 , - l 1 
~Hrf ÇH,±: 
JO OH J: OMo .-o . 

(59) (49) 
~ 

- -

r 

------
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----------•~~,-~nô~,;. ~heir work was' suc6è§"sful in the preparation 

( ---------------

'. 

• 

of the oxazolidine ~late (49), we found, repeating the 

whole reaction sequence, that the oxazolidine mesylate was 

contaminated with the dimesylate (61). 

TMS 

X:j'-°MS 

(61) 

~en aIl of these reactions were repeated and atternpts 

to recrystallize the mesylation product from petro1eurn ether 

(60-80 oC) were made, less than half of the expected product 

was obtained as the pure oxazolidine mesylate (49). The l ' 

residue was then passed through an alumina (A~t. l, neutral) 

column using a mixture of methylene chloride-ethyl ether 
" 

(1,:1) as an eluent and the solvent evaporated. Recrystalli-

zation of the resulting solid from methylene chloride­

petroleum ether (60-80 o C) (1:1) gave varying arnounts (10-

50 % of the rnesylation product) of the side product as 

w~~needles. It was assigned the dim~sylate structure 

(61) on the basis of its microanalysis and nmr spectrurn 37 • 
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Since the dirnesylate (6l) must he 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 rernoval of methanol 

in the pre.ence of potassium carbonate and formaldehyde, 

and that the diol accompanied the oxazolidine alcohol 

(59) as a cont~nant. Indeed, Rossy reported that 

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

of a side product that he had removed by filtration 

through an alumina column. 

(OyOH 

o~X 

(60) (56) 

In order to p;,oceed wi th the synthesis', _:. _it.-·· w~ 
/ .. 

imperative to eliminate this side product during the 

reaction sequence, to simplify sorne key steps, and to 

increase the overall yield of the oxazolidine mesylate. 

Although D-mannitol {48} was con~~rted into manniiol' 
n 

diacetonide (54) in up to 50 % yield by_the'procedure of 

Baer and Fischer36
, and the diacetonide (54) was cieaved 

25 



1 
with lead tetraacetate into glyceraldehyde acetonide (55), 

it was difficult to scale up, because of the extremely 

large amounts of reagents employed. Instead of following 

this procedure, atternpts to transform the simple glycerol 

(62) into glyceral~ehyde acetonide (55) were made. 

E
OH 

OH 

OH 

(&2 ) (63) (55) 

Treatment of glycerol (62) with dirnethoxypropane and 

acetone in the presence of catalytic amounts of p-toluene-

sulfonic acid afford~d a 90 % yield of glycerol acetonide 
, 
" (63)38. However, several atternpts to oxidize glycerol 

acetonide to glyceraldehyde acetonide (55) using chromiurn 

trioxide-pyridine cornplex in methylene chloride 39
, 

40 seloxcette , or Corey's chromiurn trioxide-3,5-dirnethyl-

pyrazole complex in rnethylene chloride
41 

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 acetlnide could not be achieved. 

26 
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The~efore, we followed KOhan's modified method 42 for 

the preparation of mannitol diacetonide (54) fram 

D-mannitol (4S)'. A su'spension ,of D-mannitol was stirred 

in a mixtur~ of dimethoxypropane anœ acetone with a 

catalytic arnount of p-toluenes,lfonic acid at room 

temperature. Removal of the Jnreacted D-mannitol and 

neutralization with potassium carbonate gave a mixture 

of diacetonide (54) and triacetonide (64). Two recrys-

tallizations··,'Qf the crude mixture from petroleum ether 

OH :>< X OH 

HO HO 

OH OH 

HO X ' ><: HO, 

(48) (54) (64) 

ri 

(60-S00C) 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 reagents required, 

as well as the simple work-up, made~this procedure more 

suitable for the preparation of large quantities_?~ __ 

mannitol diacetonide (54). 

• 
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, 
Th~ problem wa,s 'the transformation of the mannitol 

diacetonide (54) to glyceraldehyde acetonide (55) and the 

sub$equent formation of the dioxan (56). Although the 

glyceraldehyde acetonide was prepar~d by the cleavage of 

vicinal diol with lead tetraacetate in benzene 36 , large 

amounts of benzen~had to be used and1the yield was quit~ 

variable since the product co-distilled with benzene and 

rapidly polyrnerized on standing. Furthermore, when the 
"-

dioxan (56) was prepared by the treatment of the freshly 

distilled glyceraldehyde acetonide (55) with formaldehyde 
/ 

and potassium carbonate ~n aqueous methanol, it was found 

to be contaminated with the diol, ,(60). 

(OyOH 
O~~X 

(OH 
X:T'°H 

(55 ) (56) (60) 

Ideally, the two reactions should be combined in a 

one-pot procedure using water as a BoIvent and thus 

obviat~ng the necessity to remove the methanol. Several 

attempts by Rosebery (unpublished results) to cleave 

mannitol diacetonide (54) with periodate gave glycer-

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

examination of the reaction showed that, using distilled 
1 

water as a solvent, the reaction was completé after les~ 
than fivè minutes, and that the pH of the reaction mixture 

dropped rapidly to three. We therefore decided~to study 

the peri~date cleavage reaction under buffered conditions 43
• 

(OyOH 

o~X 

(54) (56) 

Mannitol diacetonide (54) was dissolved in a pH 5 

butfer solution and 1.1 equivalents of sodium periodate 

added with vigorous stirring. A careful study indicated 

that the starting material had completely disappeared 

within five minutes, and that the produced g~yceraldehyde 
1'" 

t 

acetonide (55) started dec~p~sing very r~pidly due to 
.;-' " 

the slightly acidic condition. When the periodate 

reaction was carried out in pH 6 but fer solution, the 

reaction was complete 'after 30 minutes with little 

degradation of glyceraldehyde acetonide (55). Hence, 

without isolation of the generated glyceraldehyde ~ 

1-
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acetonide, two equivalents of aqu~ous formaldehy~e and 

potassium carbonate were addèd and the reaction mixture 
• >' 

kept overnight. Extraction with methylene chloride and 
~ 

evaporation gave a'SO % yield of the pure, crystalline 

dü}xan (56). 

This new procedure had the advantage that the whole 

sequencè was carried out in water without isolating 

glyceraldehyde acetonide (55), and that the pure dioxan 

(56) wasl obtained by one s~e extraction procedure. 

1 1 , 

~rN~ 1 ~ 

CH,-~H bH CHrNXO 

)<: OH 
H H . 

(5S) (59) (65) 

Since'the pure dioxan (56) was bbtained in a high 

yield, we followed the Rosebery's method to prepare the 

oxazolidine alcohol (59). The pure dioxan was directly 

treated with N-methylethanolamine~in refluxing ben~ne, 

which rapiqly 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-

30 
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,,-/ 
di ne (65) co-evaporated. The residue was then. vacuum ' 

distilled to give a 90 % yield .o~ the B~re oxazolidine 

alcohol (59). 
fi 

There was no difficulty in the preparation ct-the 

oxazolidine mesylate (49) fram the pur~ oxazolidine 

alcohol (59)~ Slow addition of methanesulfonyl chloride 
• 

to the mixture of the_oxazolidine alcohol (59) and 

triethylamine in methylene chloride at low temperature 
\ 

(-30~-600C) gave a quantitative yieid of the crystailine 

oxazolidine mesylate (49). 

CH'-~ H, ~o 
C 

" X~~OMS XO Ms 

0 

1 

(49) (66) 

The hydrolysis of the oxazolidine group of the 

oxazolidine mesyl,ate (49) to the corresponding aldehyde 

mesylate (66) was aiso easiIy accomplished in high yield 

with 50 % aqueous acetic acid within two hours. 

\. .' , 
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Although the yield and purity of the oxazolidine 

me,sy1ate : (49) was irnpraved, it was discovered to be 
1 

very difficult to ca~ out the next reaction witnthis 
... - ,-

tnesy1ate, because the oxazolidine group was not st.ahle 

enough to the n~c1eophilic~attack by an oxygen anion. 

When the.oxazolidin~jmesy1ate (49) was treated with the 

sodium salt of methyl ester (67b) in 2-butanone, a 1:1 

mixture of the products, the deifred oxazo1idine methyl 
. 

ester (68) and a rearranged perhydrooxazepine de~ivati~e 

(69), was o~tained (see Chapter II). 

(49) (67b) 

(68) (69) . , 

- -
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since the lab~i~ prè~ed oxazolid!ne mesylate 

(4~) af:.f5or,ded suah a mi~re ~n the "next reaction, and the 
Ir 

resulting mixture appeared to be very difficult to s~parat~ 

by usual methods, it was decided to introduce a more stable 

and easi1y removab1e a1dehyde protecting group, namely a 

thiazo1idine. 

1 1 
~H:I SH 
Hel' 

(70) (71) 

In a first experiment, we tried to exchange the easi1y 

hydro1y~able oxazolidine group with a thiazolidine moiety. 

Treatment of the oxazolidine mesylate (49) with commercia11y 
, . -

a~ai1able aminoethanethiol hydrochloride (70) in refluxing 

methanol, ethyl ether or benzene, howeve.r, did not ,.,S.a. ye the 
'.~I 

pure thiazo1idine mesylate (71), probab1y due to the 
-

c1eavage of the acetonide ~tunction or the formation of the 
....... • 

hemiacetal or thioaceta1s. Reaction of the oxazolidin~ , 

mesylate (49) with N-rnet~ylaminoethanethio1 hydrobromide 

was a1so unsuccessful. 
() 
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since this tran~cetalï'zat-ion was unsuccessful, it 

was qecided to prepare the thiaz~lidine alcohol (72) first, 
t 

and then to mesylate ~o the corresponding thiazol.idine 

mesylate (50). 
o 

It was anticipated that N-methylamino-

ethan~thiol (73) would cundergo a reaction s~ilar t01that 
-

described for N-rnethylethanolamine (58) and the dioxan (56) 

to give the alcohol {72}, ~hus necessitating few Chang~s 

in the reaction sequence{' described. 'cO. 

\. .... 

(72 ) (50) 
, 

1 -

In a first attempt to prepare N*methylamïnoethane-
r '. 

thiol (~3), e~hylene sulfide (74) was tre~t~d with aqueous 

methylamine in the presence of silver.nitrate, a modifi-
.... \ C 

-. ~ cation of the rnethod developed by Men~ghini 44. However, 
• J 

/' 

.1 • 

it di<l not give the thiol (73), because of the ~lY." 

hygr0s~opic property of the thiol whic~ was ~~e~ 
< • II! / , 

discovered. Therefor~~ we decided to foli~ the classical 

but lengthy rnethod to prepare N-rnethylaminoethanethiol • 

o 

- -~- -_.~ ... -.~~. f ./ 
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, 1 
CHrNH SM 'Cl s 

, --------~ 

(73) (74) 

" .": ... .! .. '!:I:' 

: .. >.~ 

-- -- - ---'-N.....uethyl~thanolamine (58) was tréated with sulfuric 

,,' 

acid fôllowed by sod!um hydroxide, t~ give N-methyl--
, azi;idine (75)45, which was then reacted with methanolic 

hydrogen sulfide
46

• Evaporation of the methanol gave a­

white crystalline N~ethylaminoethanethiol (73) in an 

overall yield of 30 %. 

1 1 
CHrNH OH 

(58) 

y 
1 

CH, 

(75 ) 

1 1 
CHrNH SM 

(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 r~fluxing ben~ene and vacumm distill­

ation gave N-methylthiazolidine (76) (h·~P. 55 0 C/20mmHg) 

and the thiazolidine alcohol (72) (h.p. 127°-130oC/O.2 mmHg) 
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' . 

, (72) (76) 

in more than 90 % yield. Its mur spectrum indicated that 

(72) con~isted 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 th~ crystal1ine thiazolidine mesylate (50). 

Alcohol ~~2}.O gave a trifluoroacetate (77), but' the 

formation of the reactive trifluoromethanesulfonate (78) 

using trifluoromethanesulfonyl chloride or anhydride'was 
l' 

unsuccèssful, because the generated triflate was hydrolyzed 

during the purification step. , 
was recovered. 

1 1 

Only the starting material 
.... 

1 1 0 

CH'-N~ C:j:R 
Il 

(77) R=C CF3 

0 

XO Ms (78) Il 

R=S CF) ,- Il 

0 
0 

t • 

(50) (77, 78) 
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• The hydrolysis of the thiazolidine function >to the 
\ .' 

aldehyde was satisfact~ry. When thê thiazolidine mesylate 

(50) was treated with mercuric chloride~7 in aqueous 

a~etonitrile 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 methylene ~loride 

at Ooc. 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 pd/Cl. 

(66) 

Having now achieved a short, high yield and simple 

_ê~nthesis of oxazolidine and thiazolidine mesylates (49) 

and (50), their condensation with various enolic salta 

and subsequent reactions towards the synthesis of the 

oxacepham derivatives were studied next. These studies 

will be discussed in the fOllowing chapters. 
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• gIAP'l'ER II 

PRELIMINARY STUDIES TOWARDS THE SXN'I'HESIS OF THE l<EY 
INTERMEDIATE. IMINE ACIDe 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) 

( 

,"1:"., .. ' 

Phthaloylglycine was transformed to the corresponding 

methyl ester and the methyl ester formylated with methyl 

formate to methyl 2-phthalimido-3-hydroxyacrylate 

(67a) by the known method 48
• The thallium49 

and sodium 

salts (67b, 67c) were then prepared by treatment of this 

, hydroxy compound with thallium ethoxide in benzene or 
.r 

sodjurn ethoxide in ethanol. 

J-

38 



"" 

" 

The sodium or thallium salt was suspended in a solution 

of the oxazolidine mesylate (49) in 2-butanone and the 

mixture heated to reflux to obtain the oxazolidine ester 
1 

(68). Thin layer chromatography showed that after 6 hours, 

the starting material had completely reacted, but that two 

new spots appeared. Filtra~ion, evaporation and , 

purification through an alumina column gave a white foam. 

Microanalysis and mass spectrum of this crude prod~t 

showed that the 1:1 condensation "reaction had occurred, 

but the nmr spectlt~m, clearly showed a new peak at 8 =5 .14 

ppm, which could not be explained without considering the 

cleavage and rearrangement of the oxazolidine group. 

1 1 H...... /COOCH J (a) X = H 

CH'-N~ c=c 

xo/ '~=b (b) x=Na 
/ ,. } r-, , 

(c) X =TI XO Ms 
0 -0 

(49) (67) 

-x-'C) o 0 N 

~~_ /COOCH, 

• ~ o.....-c-:

7é :-......1 " 
(68) 

• .t; \ • __ 
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• , 
Attempts to separate these two products using column 

chromatography or thin layer chromatography failed, bec~use 
1 

the two products~had nearly the same Rf values and the 

oxazolidine group was not stable to silica. After much 

experimentation, it was found that, when the crude product 

w~s 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. 

(69) (79) 

There are two possible structures, {69} or (19), for 

the isomeric product. Since it is known 50 that oxazolidines 

containing a secondary amine function exist in part as the , 

tautomeric Schiff base, it could be assumed that oxazolidine 

40 
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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 ,expectlci' to cyclize to give (79). However, the nmr dat~, 
\ 1) 

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. 

Therefore, we proposed that the reactiqn took place 

through the sequence, (8la) ~ (8lb) 4 (69) 1 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 ô =5.14 ppm came from a proton of o-CH-O, 

and the multiplet at 5 =2 .4-2. 7 ppm from four protons of· 

CH 2 -N-CH2 (compare the two spectra of (68) apd (69». 

Other possible structures were also eliminated 

because of the presence ~f the ester function, double 

bond, phthalirnido group and the acetonide function in 

the infrared spectrum of the isomeric product. 

41 
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(49) (80) (67) 

'H / H 
\ . \ 

'>( O--C~C_CO.oCH3 'X O:-C~C_COOCH3 

MsoY:3H~lO ttjH:lO ~ 
, 

(79) (ala) 

, ~ , 
H t 

H \ 
\ • 'X o-C~C ...... COOCHJ '>( o--C~c":",,COOCH3 

~olO ~ \ 0 ... MSO-;N oJ:O 
CH, ~ 

(69) (8lb) 
~ 

• /' 

J , ' 
\ 
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Because of the instabi1ity of the oxazolidine group 

to oxygen nuc1eophiles, the aldehyde mesyl~tè (66) was 

direct1y treated with the sodium salt (67b) to ~epare the 

a1dehyde methyl ester (82), and the reaction fol1owed by 

nmr spectroscopy. prolonged heating of the solution of 

the aldehyde mesy1ate (6~) and 1.1 equivalents of the 

, salt (67b) in deutero-dimethylsulfoxide, however, did not 

show the disp1acement of the mesylate. 2 Equivalents of 

the sodium salt also gave the same result. 

(66) (82) 

We thus concluded that the form~ion of the hemiacetal 
( , 

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

thi~ intermediate was too unreactive to undergo displacement, 

even with excess amount of the sodium salt, probably d~e 
.. '5t 

steric hindrance and/or the anionic property of the - 1 

hemiacetal (83). 

45 
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e 

(83) 

Since this direct'condensation reaction did not 

proceed and the oxazolidine mesy1ate (49) gave a mixture . 
which was very difficult to separate, it was decided to 

use the thiazolidine mesy1ate (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 

y~eld of the thiazolidine rnethyl ester (85 or 86) as an 

amorphous solide No trace of c.leavage products could be 
1 

detected in this reaction. 

1 1 

:;tMS 

(50) 

, , 

" \\\~ 
\ 

--

"+ 

r 
.J.J 

• 

H, /COOCH J c=c 
XO/ 'NHC Ph 

, Il 
ca 0 

,Ja} X-=H 

( b) X=Na 

(84) 

S' 

r 
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(85J 

(86) 

R= Pht ha 1 imi do 

R= NHC Ph 
Il 
o 

~ . 
Hydrolys1s o~ the thiazolidine.function of the 

1 

thiazolidine methyl esters (85 and 86) to the corresponding 

aldehyde methyl esters (82 and 87) was carried oùt by 
Il 

treatment of (85) and (~6) with mercuric chloride in a 

mixture of tetrahydrofur~ and water (5.:11. :Evaporation 

and extraction with benzene afforded a crystalline 

aldehyde methyl ester (82) and C87) respectively. in up to ~ 

95 % yield. Hydrolysis of the oxazolidine methyl ester 

(68) with 50 % aqueous acet~c 'acid also gave a quantitative 

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

(82) 

(87) 

R= Phthalimi do 

R=NHC Ph 
Il 
o 



, , 

• 

, '\ 

Attempts to"convert this aldehyde methyl este~. (82 or 
, . 

1 1 _l 

87) to the aldehyde acid (88 or 89) werè unsuccessful'~ 
'" 

T~eatment of the aldehyde methyl esters with 1 equivalent 

or an excess amount of sodium hydroxid~ in aqueous tetra-. 

hydrof~ran, dioxane or rnethanol, and with bariurn hydroxide 
o 

in absolute methano151 led to the disappearance of starting 

mateDial according to thin layer chrarnatograpliy;-oùt the 
, 

des~red a~dehyde acid (88, or 89) could not be detected • 

and no product coultl be isolated. 

(88) 

(89) 

R= Phthalif11ido 

R= NHrC Ph 

" o 

Attempts were then made to remove the methyl ester 

function under the mildest hydrolytic conditions possible. 

However, after prolonged stirring of the aldehyde methyl 
1 

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 anhydrous lithium iodide in pyrid±ne 52 , 

lithium iodide in dimethylformarnide 53 , lithium iodide -and 

o·· -----------.. -------............ .. __ oc _ _ 



,.. 
• 

sodium cyanide mixture in dimethylformamide 54 or potassium 

t-~ u t o~ide in' dimethylsulfoxide 55 OnIY' led to black tarS". 
, , 

Also, ap,attempt to remove the methyl ester function of 

the aldehyde ester (82) using lithium n-propylmercaptide 

inohexamethylphosPhotriamide~6 gave a complex mixture, 

from which a small amount of the n-propylthio~ethylene 

compound (90) was isolated. Similar results -were obtained 

using the oxazolidine methyl ester (68) or the thiazolidine 

methyl esters (85 ",and 86).· 

• (90) 

Since the aIdehyde esters had a weak enol ether bond, 

one would~anticipate that this ether bo~d would be cleaved 
--

by the above nucleophiles (as in case of mercaptide) and 

that the aldehyde function might have a role in 9iving a 

complex mixture. We thought that if the enol ether bond 
," -

and the aldehyde function could be suitably modifled, the 

resultin9 moleèule would be more st~le to the reaction 

conditions of the est~r hydrolysis. We thus tried to 

1 • ô_ transforrn the aldehyde esters (82, 87) to the imine esters 
, ' 

(91, 92), which are intermediates in the synthetic sequence. 
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~N l" ... 1 /COOCH3 

. 

,P~R 

C9l) 

(92) 

R= Phthalimido 

R= NHC Ph 

" o 

\ 

.. 

The aldehyde/methyl ester (82 or 87) was dissolved 

in a number of solvents such as ethanol, tetrahydrofuran 

50 

, 

or methylene ch10ride and the solution was saturated with 

ammonia at Ooc and then ailowed to stand ,t room temperature •. 

Thin layer chromatography showed that after 4 hours, the 

starting materia1 had completely reacted, but several new 

spots appeared. The rnass spectrum of the crude mixture 

indicated that the correct product (91 or 92) was formed 

but the aminamethylene compound (93) was aiso obtaineq. 

(93) 

R=Phthalimido, 

~HC Ph 
~I 
o 

~ -------~~--~--------------....... 
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.J 

In particuIar, when the phthalimido compound (82) was reacte6, 
'Q 

the cleavage of the phthalimido group aiso occurred.' The 
.> 

phthalimido group is known to be cleaved by amines or 

hydrazines57 ,~hus the treatment of (82) with excess ammonia 

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

the other products. 

"' W 
'/'1 (J(

C-NH 2 

:::---.. C-NH-R 
Il 
o 

(94) .( 

o 
fI 

:;/ 1 • o::C-NH 2 

:::-..... C-NH 2 

" o 

(95) 

Since these cleavage reactions of the phthalimido 

group and of the enol ether bond had occurred with excess 
.. 

ammonia, it was decided to use exactly one equivalent of' 

ammonia. As a prelimiary reaction, the aIdehyde ester (82) 

was treated with I equivaient of n-propylamine in methylene 

chloride for 6 hours at room temperature. Eva~oration of 

the soivent, and purification through, a silica gel column 

(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 e1ectrophile 

in (82). 

Therefore, the aldehyde methyl ester (82 or 97) 
-

was'dissolved in a minimum amount Qf tetrahy~ofuran and 

1.1 equivalents of ammonia in tetrahydrofuran was added. 

The mixture was tightly covered and kept overnight at 
-.$ 

room temperature. Drying, evaporation and passage through 
'" 
" a si1ica gel" colunm gave more than 90 % yield of the pure 

imine methyl ester ('91 or 92) as an amorphous solide 

Attempts to hydrolyze the methyl ester function of 

these imine methy1 estèrs (91 and 92) to the imine acids 

(97 and 98) were aiso unsuccessfui. Simi1ar results were 

obtained as in the attempted hydrolysis of the aldehyde 

esters (82 and 87) • 

X 
~N COOH 

lOJ-<R 

(97) 

(98) 

R=Phthalimido 

R= NHC Ph 
U 
~ 

1 
1 

52 

\ 
~ _______ • __ ~m~ __ .... = ......... '''II'' 



• 
c 

c 

Sinee the methyl esters were used to de termine the 

best reaetion conditions of each_step, and the.e esters 
) 

could not be hydrolyzed without destruction of the whole 

molecule, if was decided to introduce other esters that 

would be removed éither by extremely mild hydrolytic 

conditions or by non-hydrolytic methods. 

t 
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CHAmR III 

, 1 

BRIEF STODIES OF 2-BENZY'L-S-QXAZOLONE DERIVATIVES AND 
THEIR APPLICATION Ta THE SYNTHESIS OF THE l\EY INTERMEDIATE 

Whilst the methyl esters did not afford the Key 

intermediate, we found that hydrobromides of 4-alkoxy­

methy1ene-2-alkyl or 2-benzyl-S-axazolone (99) would give 

the corresponding free acids (100) by simple treatment 
, 

wi th water 58. We attempted to apply this reaction method 

to the synthesis of the imine acid (101). 

o 

v- rO 
0 

H, }--R 
C N 

AlkO/ .., -H 8r 

H, /COOH 
c=c 

AlkO I 'NHC-R 
Il o 

Alk = Me, Et 
, 

R= Benzyl, AmYl, Heptyl 

'\ 
(99) (100) 

(101) 

-~ ---- -
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In a first attempt, we tried to hydrolyze the easily 

avai1ab1e but conjugated 4-ethoxymethy1ene-2-pheny1-5-
~ . 

oxazolon~ (103). Treatment of the 2-pheny1-5-oxazolone 

(103) with a~id or, base gave the hydroxymethy1ene 
80 

oxazolone (104) • The hydrobromide salt (105), which was 

prepared by passing hydrogen bromide gas to the ethereal 

solution of (103), ,a1so did not give the acid (106) when 

it was treated with water. It was thus conc1uded that 

the conjugation of theâ2double bond with its 2-substituent, 

a pheny1 group. stabi1ize~the oxazolone ring system and 
\ 

protected the/oxazo1one from the hydr01ysis. 

(102) (103) (104) 

.{lOS) (106) 

• 
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This resu1t 1ed us to prepare one of the non-c~njugated 
/ oxazo1ones, 4-ethoxymethy1ene-2-benzyl-5-oxazo1one (107), 

and to examine the ring opening reaction. 

<COOH 

NHC-CH 2 Ph 
" '0 

1 (108) (107) 

The 2-phenyl derivative (103) was easi1y prepared 

fram the reaction of hippuric acid (102) and triethy1 

orthoformate in ref1uxing acetic anhydride 59. However, 

the 2-benzy1 derivative (107) could not be prepared by 

the sarne reaction \..Ising phenylacetyl~lycine (108). 
l~ 

G.I.e. 

showed that a complex mixture containing more than 10 

components was obtained. Hence, we used the fol1owing 
, 

method to prepare (107) although it was more 'comp1icated. 

Glycine ethyl ester hydrochloride (lOg) was converted 
61 

in 90 % yield to N-formylg1ycine ethy1 ester (110) , which 

was forrnylated with ethyl formate and sodium ethoxide to 

the enolic sodium salt (Ill). Without purification, the 

sodium salt was treated with ethanolic hydrogen chloride, 

followed by sodium bicarbonate, and the resulting liquid 

56 



" 

distilled to give ~,~-diethoxya1anine ethy1 ester (112) 

in 48 % yie1d
82

• The ami~o group of (112) was protected' 

with pheny1acety1 ch10rid and the ester function was 
'. 

hydro1yzed to give 2-pheny1acetamido-3,3-diethoxypropionic 

acid (113) in more than 90 % yie1d!2 

<COOC?H 5 <COOC?H~ H, /COOC 2 H s C=C 
NH 2" HCI NH-C- H Na+ 1> / 'NHoC-H 

/1 " 0 0 

c# 

(109) (110) (Ill) 

(112) (113) , 

Treatment of the propionic acid (113) with warrn 
• 

acetic anhydride and evaporation of the solvent'af~rded 

a quantitative yie1d of 2-benzyl-4~thoxymethy1ene-5-
. 63 
oxazo1one (107) as a pale ye110w oi1. 

.-' 

The hydrobromide salt (114) was then prepared fram 

the reaction of this oxazo1one (107) with hydr?gen 
--

bromide gas in ethy1 ether, or direct1y from the reaction 

of the propionic acid (113) and phosphorus tribramide63 • 

When this salt (114) was treated with water, an oi1 

/ 
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and rapidly separated and solidified. The 

uv spectra of this product showed oxy-2-phenyl-

acetamidoacrylic 

, (114) 

acid (115) was obtained. 
~ 

OH, /COOH 
C=C "-

C H 0/ 'NHC-CH Ph 2 !; ,,2 
o ' 

(115) 

. Since we confirmed that the hydrobramide salt of the 

2-benzyl-5-oxazolone (114) gave the free acid (115) by 

simple treatrnent with water, we attempted to apply this 

reaction method to our reaction sequence. 

2-Phenylacetamido-3,3-diethoxypropionic acid (113) 

was transforrned to 4-eth~xymethylene-2-benzyl-5-oxazolone 

(107) and the oxazolone was reactad with sodium hydroxide. 

Acidification of the aqueous solution gave a 86 % yield 

of 4-hydroxymethylene-2-benzyl-5-oxazolone (116)63. 

The thallium salt (117) was then prepared by the reaction 

of (116) with thallium ethoxide in dioxane. 
" 

Treatment of the thiazolidine mesylate (50) with 

an excess amount of the thallium salt (117) in réfluxing 

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

oxazolone (118) as a pale y~llow oil. 
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a 

H, I~)-CH2Ph 
+- C N 

TI 0/ 

(116) (117) 

(50) (118) 

Attempts to generate the thiazo1idine acid (119) from 
"'-. 

the thiazo1idine Qxazo1one (118) gave a complex mixture. 

When the oxazolone (118~ was treatedf~ith hydrogen brornide 

in ethyl ether and ~he resu1ting salt was treated with 

water, thè i~frared and uv spectra of the product showed 

a substantia1 amount of the unreacted oxazo1one (118) was 
l 

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

thought that these ami no groups competitively reacted with 

hydrogen bromide. The resul ting mixture of thè hydrQ-

bromide salts may have given a mixture of products when 
.; 

the salts were treated with water. Since no purè product 

could be obtained, this particular ~pproach to prepare the 
.' 

thiazolidine acid (119) had to be abandoned • 

;/ 59 

, ' 

, . , 
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(119) (120) 

In a next attempt, we tried to remove the thiazo1idine 

group of the thiazo1idine oxazolone (118) to prepare the 

a1dehyde oxazo1one (120) using mercuric ch10ride in aqUeous 

acetonitri1e or tetrahydrofuran. This reaction a1so gave 

a mixture of the products, from which on1y 45 % yie1d of 

a reasonab1y pure a1dehyde oxazo1one (120) was isoi~ted----- -­

by means of preparative thin layer chromatography. 

, . . 

(107) 

(122) 

, .... ~ , 
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Since it ia known that 58 the ethanolysis of 2~benzy1-

4-ethoxymethy1ene-~-oxazo1one (107) give~ a mixture of the 

aceta1 ester (121) and the acry1ic ester (122) within a few 

minutes, one wou1d anticipate that the generated a1dehyde 
• 

oxazolone (120) May react further with water to give a " 

mixture of (123) and the a1dehyde acid (124) along-with 

the desired a1dehyde oxazo1one (120). 

'X 

t(CHO . 

H, /COOH 
/c-c 

o \ "NHC-CH Ph OH Il 2 

o 

(123) (124) 

Using this reasonabry pure a1dehyde oxazo1one (120), 

attempts to prepare the imine oxazo1one (125) were made. 
" , Howev:7, when the a1dehyde oxazo1one was treated with one 

equiva1ent of ammonia in tetrahydrofuran, on1y the 

aminomethy1ene oxazo1one (126) was obtained within a few 

. seconds. 1 

y 0 

tt;r>-o ~ CHzPh 

\ 

(125) (126) 

, -, 
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Since it was impossible to obtain the thiazo1idine 

acid (119) or the imirie oxazo1one (125), we atternpted tO 

prepare the aldehyde acid (124). The a1dehyde oxazolone 

(120) was treated with hydrogen brornide and-the precipitated 
...... 

salt (127) was irnmediately treated with water or sodium 
o 

acetate solution. A1though the, uv spectrum of the pro4uct 
- , 

showed that the oxazo1one moie~was no longer present, and 
, ' 

the infr,ared spectrum sRo-wèêl"the broad peaks' at 2500-3300 , 

çm"'1 corresponding"to acids~,_ thé nmr spectrum indicated 
., - ........... ~ "4 .. ,~ ___ ~ . . .. 

that the aceto~ide f~nction was aubstantia11y cleaved and 
i 

f 
the acidic proton could not be detected. 

o 

(127) (124) 

,~ 

We thus co~ëiuded that, as the highly anhydrous 

reaction conditions cou1d not be maintained during the 
- -\ 

-

passing of hydrogen brornide gas into the ethereal solution 
c'. 

of the aldehyde oxazolone (120), strong hydro1ytic conditions 

resu1ted a~d, thus the acet6nide function did not survive 

and a mix-t:.~e of prQducts was obtained. 
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(101) 

Sinee we could not prepare the imine oxazolone (125) or 

the aldéhyde acid (124), it was impossible to synthesize 
" the key intermediate, the imine aeid (101), land thus we 

gave up this approaeh. 

A1though we failed to pr~are th~ imine acid (101), 

3-ethoxy-2-pheny1acetamidoacrylic acid (115), which was 

derived from 4-ethoxymethylene-2-benzyl-5-oxazo1one 

hydrobromide salt (114), had a-iimi1ar mo1eeu1ar-struct~re 

as those of the intermediates in our reaction sequence. 

From this acid, we made sorne easi1y hydro1yzable esters 

which might be applied to our reaction sequence as acid . . 
blocking groups, and exarnined their hydro1y.sis conditions , ~ 

• 
and applicabilities to the reaetion sequence. 
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The first approach dealt with the silyl ester (128) • . 
TreatInent of the acid (115) with t-butyldimethylsilyl 

chloride and imidazole in dimethylformamide~~ gave a 68 % 
;/ 

yield of the silyl ester (128). This ester was easily 
( 

hydrolyeed by tetraethylammonium fluoride in tetrahydro-

f 65 'fl' d' t' t '1 66 , th ' uran or potass1um uor1 e 1n ace on1 r1 e W1 1n 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 thiazolidine group was ~leaved with 

mercuric chloride in oûr reaction sequence, being easily 

solvolyzed ~o the free acid (115) in aqueous acetonitrile 

or tetrahydrofuran within 40 minutes. 

(115) (l28) 

The next approach involved the trityl ester (129). 

-, '1 d . d67 
Tr1tyl esters are known to be eaS1 y cleave by weak aC1 • 

Although the trityl ester (129) was easily prepared from 
68 the acid (115) and trityl pyri9inium fluoroborate complex 

64 
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-e (130) in methy1ene chloride, it a1so appeared to be 

solvolyzed to the free acid (115) in aqueous acetonitrile 

or tetrahydrofuran within two hours. 

(129) (130) 

The other approach utilizeJS the p-methoxyphenacy1 

ester (131). These esters are known to give the free 

. . 

acids by photo1ysis6~ Treatment of the acid (115) with r 

'" p-methoxyphenacyl.bromide and triethylarnine in diméthyl-

formamide gave a quantitative yie1d of the ester (131) • 
• 

However, an attempt eo cleave the ethoxy group with sodium 

hydroxide gave on1y the free acid (115), rather than the 

hydroxy ester (132), trom which the sodium salt (133) 

wou1d have to be prepared for condensation with the 

thiazo1idihe mesy1ate (50) to give the thiazolidine 

ester .{134). 

~ 
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(131) '- (132) 

(133) (134) 

Having failed to prepare the imine acid (101), using 

2-benzY1-S-oxazolone derivatives, we gave up this approach 

and attempted to use the benzy1 esters which wou1d be 

hydrogeno1yzed to the free acid. This will be discussed 

in the next chapter. 

- ... 
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CHAPTER IV 

SYN'rHETIC STUDIES TOWARDS THE PREPARATION OF THE OXACEPHAM 
DERIVATIVE USING BENZYL AND p-NITROBENZYL ESTERS AS ACrD 
PROTECTING GROUPS 

l 
Benzyl esters are known to be easily hydrogenolyzed 

to the corresponding acids under neutral conditions 70 

~. 

and p-nitrobenzyl esters are hydrogenolyzed even faster 

th b 1 t d th t · d' t' 71 an enzy es ers un er e same reac ~on con ~ 10ns • 

We attempted to use these benzyl esters as acid protecting 

groups in our reaction sequence to synthesize the oxacepham 

derivatives (45) 

X CONH-X 

tt';t 
o H' H NHC-R , Il 

o 

(45) 

Phthaloylglycine benzyl ester was formylated with 

benzyl formate and sodium hydride to benzyl 2-phthalimido-

3-hydroxyacrylate {l35a)41, and its thallium salt (l35b) 
\ 

was prepared by treatment of (135a) with thallium ethoxide. 
72 2-Benzamido-3-hydroxyacrylic acid benzyl estèr (136a) and 

the corresponding p-nitrobenzyl' ester (l37a) were also 
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. 
prepared from the reaction of 4-hydroxymethy1ene-2-pheny1-

5-oxazo1one (104) with benzyl alcohol or p-nitrobenzyl 

alcohol respective1y, and their sodium salts (136b, 137b) 

were prepared fram the reaction of the hydroxy compounds 

with sodium ethoxide in ethëU)o1. 

(a) X = H 

(b) )(=Na 

(136) 

(104) , 

(135) 

(a) X = H 

(b) X=TI 

(a) X = H 

(b) )(=Na 

(137) 

(50) 

1 
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Condensation of the thiazolidine meaylate (50) with 

the salta (135b, 13Gb or 137b) in refluxing 2-butanone 

gave a quantitative yie1d of the thiazo1idine asters 
", 

(138, '139 and l~O)'. 

(138) R=Phthalimid 

(139) IR=NH~Ph 

o 
(140) 

Hydro1ysis of the thiazo1idine group of the thiazolidine 

esters to the corresponding a1dehydes (141, 142 and 143) 

was also carried out using mercuric ch10ridé in aqueous 
, 

tetrahydrofuran, in which the phtha1irnido alàehyde ester 

(141) was obtained in a qUfl,ntitative yie1d, but the other 

a1dehyde esters (142, 143) in on1y 75% yie1d. 

(lf1) R= phthalimido 

(142) R=NHCPh 
Il 
o 

(143) 
\ 

-

f>9 

s 



• Atternpts to convert these aldehyde esters to the 

~~dehyde acids (88, 89) by hydrogeno1ysis using palladium 

on charcoa1 in ethanol or ethy1 acetate were unsuccessful. 

Although the ester function cornplete1y disappeared within 

2 tours, the infrared and nrnr spectra of the product indi­

cat~d that the aldehyde' group was no longer present. This 
." . , 73 

was confirrned by the hydrazone formation , which did not 

take place wh en 2,4-dinitrophenylhydrazine was added to 

the methano1ic solution of the product. Attempts to 

hydrogenolyze the thiazo1idine esters (138, l39,and 140) to 

the thiazo1idine acids (144, 145) were also unsuccessfu1. 
, 

Only starting rnaterials were recovered after 24 hours. 

(88) 

(89) 

R=Phthalimido 

R=NHC Ph 

" o 

(144) 

(145) 

R= Phthaliml do 

R=NHCPh 
Il 
() 

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 equiva1ents of ammonia in tetrahydrofuran. 

In general, it is known that imines are more stable 

to hydrogeno1ysis than aldehydes. 
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(146) R= PhthaJimido 

(147) R= NHC Ph 
Il 
o 

(148) 

We then attempted to hydrogenolyze ,!the benzyl ester 
~ .. 

function of the irnine esters to prepare the imine acids 

(97, 98). When the hydrpgeno1ysis of (146) was performed 

using palladium on charcoal in ethanol or ethyl acetate 

at 11 atm, a product 'VIas obtained within 2 hours, in which 

the inirared spectrum showed the disappearance of the 

ester peak at 1760 cm-1 • 

X 
~N COOH 

lok R 

(97) 

(98) 

R.:= Pl:lth~limido 

R,= NHC Ph 
fi 
o 

-
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This product, however, was not extractab1e with 

sodium bicarbonate or sodium hydroxide, and i ts nmr and 

mass spectra were quite different from the expetted ones. 

A1though the'benzyl group was no longer present in the 

nmr spectrum, the expec~ed acidic proton of the irnine 

acid (97) or the proton on the imminium nitrogen of the 
, 

zwitterion (149) wa~ not observed. Furthermore, the two 

protons, Ha and Hb~ which had appeared at ô =7.82 ppm 

and ô =5.74:"5.98 ppm respect~ve1y in the imine ester 

(146), disappeared. Eight protons appeared as broad 

multiplets at, 8=2.94-4.03 ppm. ~Five of these protons, 

Hc and four protons adjacent' ta oxygen, corresponded to­

the five protons ~hich had appeared in this region in 

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

the phthalimido and acetonide functions • 

fi 

Cê 0 
Ha 

+ 
'" N COOCH 2 Ph "NH COO-

, onN-C=O oHN-C=O 

HbHc \~ Hb HCI-b'" C -" ~ I/C Y" '\ // o - o _ 
~ 

,., 

(146) (149) . ,~ 
. '-
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The mass spectrum of the product Idid not show the 

molecular ion (M+=374) of the imine acid (97), but a­

strong peak appeared at rn/e=330 which was the parent 

Pëk of the decarboxylated product of the imine acid (97) 

(mol~cular weight of the decarboxylated compound is 330). 

This product 'a1~o did not undergo the Ugi reaction when ,.... ,'" 

it was treated with ethyl
14 

, isoproPYl 75
, or cyclohexy176 

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

Ug3" reaction sequence. 

H-O 

" '\ l;\ il <_--l=O 
c-c 

(150) 

>(:,N COOH 

sk
R 

.- . , 

(151) 

It is known 77 that the f3 -imino acids of the type 

(150) are easily decarboXylated by the mechanism sh~ 

in (150). and there is also sorne old expe~imental 

evidence33
,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 

73 
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and ~ spectral da~a of the product, the hydrogeno1ysis 

ot' the imine esters (146, 147, 148-) produced the desb:ed 

imine:acids (97, 98), but that it was rapid1y isomerized - . 
to (if·2), which then lost 'carbon dioxide and isomerized 

to give the·decarboxy1ated product {lS3). The nmr spectral 

data were then consistertt-with this structure (153), in 

which the broad multiplets of eight protons at;------& .. 2-.94--

4.03 ppm consisted of four protons adjacent to oxygen 

~d the other four protons adjacent to nitrogen. 
~1- i <t ... 

-~ 

'j_ .. ~ 

#- R =Phthal i m ido, 

NHCPh 
Il 
o 

(152) 

R =Phlhalimi do 1 

NH.C Ph 
Il 

o 

(153) 

Having failed to synthesize the .oxacepham derivatives 

using benzyl and p-nitrobenzyl esters, we attempted to use 

f3 , f3 , f3 -trichloroethy1 esters as acid protecting groups 

and this is discussed in ~he next chapter •. 
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CHAPTER V 

SYNTHEsrs OF AN OXACEPHAM DERIVATIVE 

f3 ' f3,~-Trichloroethyl esters are known to be cleaved 

, d" d . t' . d 6 ,7' to the correspon 1ng aC1 s by Z1nc-ace 1C aC1 , 

. d' ah d 80 act1vate Z1nc-tetr y rofuran or potentiostatic 

1 1 · 81 e ectro ySl.S • Therefore we attempted to use these 
/ 

esters-as acid protedtinq groups iry our reaction sequence 

for the synthesis of the oxacepham gerivatives (45). 

X CONH-X 

t(J,={NHC_R' 
H H Il' 

o 

(45) 

In the course of the attempted synthesis of the cep!1am 
\ l' 

derivative .{22}, Rosebery25 found that the methano1y~is of 

the 2-pheny1-4-thioa1koxymethy1ene-5-oxazo1ones (154) gave 

the methy1 esters (155) in the presènce of trie~y1amine • 

-' , 
.' 

7S 
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, . 

fi 

l 
0 

H ' ~)-Ph 
'C N 

AlkS/ 

(154) 

1 

'.1 

r' . 

(-

.(J 

H, /COOCH 1 
C~C -

'AlkS/ 'NHCPh 
Il 

/' 0 
~ 

(155) 

ln a first attempt to prepare the ~,~,~ -trich1oro-
~ -

, ethy1 esters; we tried to app~ . ..i:hia reaction . ...... 

4-Hydroxymethy1ene-2-pheny1-5-oxazo1one sodium s~lt (156) 

~JAs condensed wi~ the thiazolidine mesy1ate (50) in 
:,,- 1 

• (S.O) 

, . 

(157) 

'" 

o 0 ( 

H, r-, ~>-Ph 
+- C_ N 

Na 0/ 

(156) 

\ , , 

• 

1 

- / 
! 
1. 

",L .. \... 

" 
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refluxing 2-butanone and the resu1ting thiazo1idine , 

oxazo1one (157) was treated with ~,8,~-trich1oroethano1 

in the presence or absence of triethy1amine. However, 

this ,a1coho1ysis did not give the pure thiazo1idine 

ester (lS!,!>", _ The _~. infrared and mass spectral data 0 

of the prodribt Showe, that it consisted of a mixture of 

about ~qua1 amounts o[ th~ desired thiazo1idine ester 
1 

(158) and the aceta1 ester (159). 

(158) (159) 

'" 
While the ring opening reaétion o~ the thiazo1idine 

oxazo1one (157) did not give the pure ester (158), we 
. 

noticed that, during the study of 2-benzyl-5-oxazolones, 

the alcoholysis of the 4-hydroxymethylene-6-o~azolones 

(104, 116) would give the 3-hydroxy acry1ates in~an. 
, 

l . 1d82 
acceptab e y~e • 

~ "". Treatment of ~e 4-hydroxymethy1ene-5~oxazo1ones . 
(104, 116) with 1 equiva1ent of ~,~,~-trich1oroethano1 

in ref1uxin~ benzene and subsequent recrysta11~zation 

" 
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( 

(104) 

H, /COOCH 2CCI 3 
~ C:::C ' 

XO/ 'NHCPh 
Il # 

o 
(a) X= H 

(b) X= Na 

(160) 

(116) , 

" 

H, /COOCH~CCI3 
C==c 

X 0/ 'NHC -CH z Ph 
Il 

o 
(a) X~H 

(b) X=Na 

(161) 

\ 

afforded a 70-75 % yie1d of the hydroxy acrylates (160a, 
o 

16Ia). The sodium salts (160b, 161b) were then prepared 

in ,94 % yield from the h;àroxy acrylates and sodiûm 

ethoxide in ethanol. 
"" r 

" 

Condensation of the thiazolidine rnesylate (50) with 

the sodium salt of the benzamido acry1ate (160b) in 

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

which was contaminated with variable arnounts of the 
\' 

oxazolo~e (151). A careful study shqwed that the amount 
'- , 

of the contaminated oxazolone (l'57) increased with 
.' 

"1 

tempe rature and reaction tirne. When the ~ath temperat~re 

- -
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o was kep~~ at 110 C for 24 hours, the amount of the contami-

nating oxazolone was nearly la % of the produc~. However, 
• 0 

when the reaction was perforrned at 80 C foX(6 hours, the 

infràred and uv spectra of the product shOWéd that no 

oxa~olone was present. 

(158) (157) 

J 
~ 

The sodium salt of the pheny1acetamido acrylate (16lb) 

was also condensed with the th~01idine mesylate (50), 

and the resrrlting PhenYlacetam~do~iazolidine ester (162) 

was not. contam±nated wi ~ the " cor,sponding oxazolone. 
o (IrB), even if the bath temperature was raised to 110 C. 

(162 ) (118) 

2_ -

79 



1,\ 

This result was expected, since pheny1acetylglycine (108) 
~/ 

did not"cyc1ize to give the oxazolone derivative li07) 

when it was treated with triethyl orthoformate in the 
\ 

presence of acetic anhydr,ide (see chapter III) • 

(163) 

\'\ 

.. 
,J' 

(164) ~ 

The aldehyde e~ters (163,< 164) wer.e then prepared in 1 

75-85 % 
,J .,1 ~ 

, '00
0
"" 

yie1d by tre~tment of the thiazolid~ne esters 

(158, 162) with mercuric ch10ride in aqueous acetonitrile. 
! . 

Treatment of the thiazo1idine ester (158) with zinc 

dust in 90 % aqueous acetic acid also afforded the 

thiazo1idine acid (145) in 
, .. 70 % yield. 

" 

(145 ) 

, < 

• -
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Attempts t9 prepare the àldehyde acid (89), however 

were unsuccessful~ Treatment of the aldehyde ester (163) 

with zinc dust in 90 % aqueous acetic\acid, and the 

~ treatment pf the thiazolidine acid (145) With mercuric 

1 

v 

chloride in aqueous acetonitrile did not give the pure 

aldehyde acid (B9). 
, . 

The ptoduct was extractable w1th 

sodium bicarbonate and its infrared spectFum showed the 

'X:" , 

ttCHO 

H, /COOH 
c-c \ 

0/ - "NHCPh 
, \1 

o 

(89) 
"i, 

broaà peaks at 2500-3300 crn-1 corresponding to an acid. 

1 The co~rect microanalysis was aiso obtained~ However, 
. 

the broad nrnr spectrurn and the complicated mass spectrum . .... 

of this product made a proper interpretation impossible •. --
Since the expected aIdehyde acid (89) had dOlible .' ,. 

bond, aldehyde and acid functions, it might be anticipated 

that the product rnight be hydrated and cYc~îzed, and/or 
" 

the partial formation of the anhydride might h~e taken 
, 

place to give the ,complièated nrnr spectrum • 

-
t' , 

Bl 

, 
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Treatment of the a1dehyde ester (163) with activated 
- 80 

zinc in refluxing tetrahydrofuran gave only the starting 

materia1. Potentiost~tic e1ectro1ysis 81 of the a1dehyde 

ester (163) was attempted using a mercury ppol electrode 

as the cathode and lithium perchlorate in dry methanol 

as an e1ectrolyte. At a potential difference of -1.65 V, 

a comp1ex mixture ~as obtained, in which the trichloroethyl 

group was not c1eaved. Therefore we gave up t:üs particular 
_0 1 

approach to prepare the a1dehyde acid (89) • 
.... 

(165) .. (166 ) 

" 

, \ 

\ 

si'nce _the synthesis of the a1dehyde acid (89) appeared 

to be quite difficult, the imine esters (165, 166) werê 

prepared by treatment of the a1dehyde este~s (163, 164) 

with 1.1 equivalents of ammonia in tetrahydrofuran. 

It s~ould be noted that when the a1dehyde est~r (163) wae 

treated lith exeess ammonia, the trichloroethyl group 
\,.., . 

aiso read~ed along with the a1dehyde function. 

,1 __ 

- -
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• The next step was the preparation of the imine acid 

(98) • Attempts to remove the trichloroethyl group of the 

imine ester (165) using activated zinc
83 

in refluxing 

80 Il d' . 81 tetrahydrofuran or contro e potent1al electro1ys1s 
n , • 

failed. Acc,r.;>rdingly, we attempted to c1eave thell trichloro· 
, 

ethyl group using zinc-ace~ic acid. When the imine ester 
\ 

(165) was treated with zinc dust in 90 % aqueous acetic 

acid at Ooc, thin layer chromatography showed that the 
\ 

starting material had completely disappeared within 2 

hours. 

/ _ ,J 

(98) 

However, it appeared to be very difficult ~o purify 

the generated imine acid (98)'oecause of the following 

reasons: i) The imine acid was so easilY,decarboxylated 
,.., .... "'<-,; 'Y 

(mentioned in chapter IV) that we had to keep the reaction 

and purific~tion periods as short as possible. ii) The 

lsoelectric ~oint of the neutral amino acids is generally 

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

83 

1 

1 • 

1 

1 
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acetic acid (pH=Z.5), ~e generated imine acid (98) rnay 
\ 

exist-as the protonated forro (167). This protonated 

product may then be removed by washing with water during 

the purification st~p. iii) The' generated~imine acid 
\ 

formed the zinc salt (168), which was usually cleaved 

with hydrochloric acid. However, in our reaction, hydro­

chloric acid ~ould not be used becau~e ~he imine acid had 

an active imminiurn nitrogen, which may form a hydrochloride 

salt. Thi~ salt may also be rernoved during the purification 

step"-

ttNH 
COOH 

O}--(NHCPh 
/1 
o 

(167). 

~N COO-Zn-

kNHCPh 
Il 
o 

(168) 

. 

" Because of the above reasons, we planned to perform 

the cleavage reaction and the ,subsequent Ugi reaction 

without isolating the pure irnine acid (98). 
, 

The 'imine ester (165) was stirred vigorously with an 

excess amount of fresh ~inc dust in 90 ~)aqueous aceti~ 
. 0 

acid at p C for ~ hours. The unreacted zinc was th~n 

filtered off and the filtrate quickly evaporated under 

.,,-r 
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high vacumm. The resulting white solid was dissolved in 

a minimum of rnethylene chloride and hydrogen sulfid(~ was 

passed into the solution to cleave the zinG salt. zinc 

sulfide was filtered off and the filtrate diluted with 

petroleum ether. Phosphate buffer (pH 6) and ~thyl 

isonitrile wer~ added and the two phase mixture was 
11 

lvigorously stirred for 12 hours a~ room ternperature. The 

crude product was observed to contain the ~-lactarn (53) 

as evidenced by its 'infrared absorption. The crude mixture 

was purified by ~eans of thin layer chromatograp~y. 

(53) 

r. 

Although the yield of this reaction w~s only 5 %, 

the infrared spectrum of the oily product ~howed the 

I3-lactarn càrbonyl absorpt~ôn at 1750 crn-1 and i ts nrnr 
\ . 

spectrurn was consistent with the oxacepharn derivative (53) 
1 

(see pages 89 and 90 for the runr and infrare~ spectrum) • . \ 

\ 

\ 
\ 
\ 
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li 

The mass spectrum of (53) showed mie = 403 (M+) and, 

. f h Il 1 . 84 the characteristic fragmentat~ons 0 t e ~- actam r~ng ; 

mie = 243 (M+) for the ion (169) and mie = 161 > (M+) for 

the- ion (170). 
li 

Ph -C -NH-CH =C.!=O " \ ~ o 

". 

(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 wa~. due to the decarboxylation of 

the imine acid (98) as it was produced during the hydrolysis 

of the imine ester (165). The mass spect!um of the crude 

product showed a parent peak (mie = 304) corresponding to 
" 

this decarboxylated product. Because of this easy decarboK~ 

y1ation of the imine acid, we felt that an acid protecting 

group which can be hydro1yzed quickly under mi1d condition 

should be introduced. The most suitable one would be 

t-buty ldimethYls\1Yl ester. 

During the course of our study, we found that the 
. 

,sily1 ester (128) was st~le to ammonia in methylene 

ch10ride for 24 hours but so1vo1yz~~_within 40 minutes 

in aqueous acetonitri1e or tetr~ydrofuran (see p. 64) • . 
This wou1d'rule out the possib~1ity of c1eaving the 

\ 
\ 
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l' 
thiazolidine group in the presence of the silyl ester with 

o 

mercuric chloride in aqueous tetrahydrofuran. However, 

the alternative method to cleave the thiaiolidine group 

using m-chloroperbenzoic acid in methylene chloride could 

be safely used without solvolysi~ 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). 

( 

(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 cleaveà with 

2.1 equivalents of m-chloroperbenzoic acid in methylene 

chloride to give the aldehyde silyl ester (172) in more 

than 75 % yield. 

The aldehyde silyl ester (1·72)t would in principle be 

,transformed to the !mine ester (173) by treatment with 

1 equivalent of anunoni~,. This !mine ester can then be 

87 
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1 

", solvolyzed with aqueous tetr~ydrofuran or cleaved with 

tetraethy1ammonium f1uoride ,te give the imine acid (98), 
" 

within a few minutes. without.isolation cf this inter-

mediate, tre Ugi reaction can be done in situ to prepare 

the oxaeep~arn derivative (53). These remaining reactions 

will be cJrried,out by Karl Grozinger. 

} 

(171) (172) 

\ 

1173) (53) 

,,-
Because of the large numbe~ of campounds mentioned 

1 

. in clnne,ction with th~ synthesis of the oxacepham deri-. 

vatiye (53), the complete synthetic sequence is , 

s~~ize~ on pages 91 and 92. 
l ,/ 
l ' 

o 
• 

. ~ 
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~, • , 

• x· l' . ./ HO . H, ~)-Ph 
OH C"H,O"C N .. 

... ><: 
+ 85 % ,.. 

~ 81 % 
, 
"'-

-;. . -(:t0H 

1 11 

H,' ~)-p~ 
, ' 

°X 
. 

1 • 
~: . C N 

HO" 0 

+ to % 4 
0 + 81 % 

f 1 

;:~oM 
./ , 

H, "COOCH 2CCI3 c=c 
.. H 0 1 ,'NHCPh 

Il 
0 

~. 

IJ... .. ( 

+ 100 % . 
~~ 85 % .> 

1 1 " 

CHr~ H, "COOCH 2CCI, .. 

... + 
r _ C:::C 

)<: OMo 
Nt 0 1 'NHCPh 

Il 

0 

• + '4% 

~ 
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PROPOSALS FOR FURTHER STUDY 

-, 

o The work that has been discussed in the pree e ding 

chapters is a series of~studies aimed at synthesis ~f 

oxacepham derivatives. As discussed in the last chapter, 

further studies to irnprove the yie1d of the oxacepham 

derivative (53) using the t-putyldimethy1sily1 protecting 

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

X CONH-CH,C H3 Y/U 0 . ~:-r NHCOPh 011' 

(53) ._ (174) 

with a reasonàble yield of (53), the following work 

shou1d be undertaken to prepare oxacephem derivatives. 
c 

The hydrol~sis of the acetonide iunction of (53) usin 

trif1uoroacetic acid will give the diol (174). From 

this diol, two possible oxacep~ern derivatives (47) 
, 

(177) can be prepared. 

For the preparation of (47), se1ectiv.e p~otection 

of the prirnary a1coho1 of (174) with acetic anhydride in 
• 

f 

pyridine and elimination of the tertiary alcohol possi~ly 

with rnethanesulfonyl chloride in triethylarnine will give 

93 
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Hydrq'-vsis of the two amide groups of (175) with 

penbachloride in methylene chloride and separation 

possible stereoisorners by physical methods witœ 

7-aminooxacephalosporanic ~cid (47). 

{
NHCtH~ . 

\ 

CH,CO ~ 0 
Il N, 

o , aH NH'CO Ph 
j H H 

(175) , (176) 

.If>, OOH 

1" 
o 0: i NHa 

H H 

(47) • (177) 

For ~he preparation~ of (177), the diol (174) can he .. 
cleaved wi th sodium met aperiodate and the resul ting enol 

can be protect~d with acetyl chloride in pyridine to give 

(l76). Hydrolysis of the two amide groups of (176) and 

separation of the two isom,rs will give (177). This 

c?mpound can lead to a new series'of oxacephalosporins • 

• 



'. 

, . 

,. 

l) 

. CONTRIBUTIONS TO ~CMLEDGE 

A total synthe sis of an oxacepham derivative starting 

from D-mannitol was accomplished. 

An improved procedure for the preparation of Oxazol­

idin: mesylate sta~ting from D-mannitol was developed. 

A new aldehyde protecting group,'N-methylthiazolidine, 

was devèloped. It is stable, to acids~ hydrogenolysis, 
\ 

acylating agent~ and nucleophilic attack by oxygen anions, 

but can be easily removed with mecuric chloride or with 

m-chloroperbenzoic acid. 

. 
Many n~w compounds were prepared and characterized. 

---

.. 
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l ~PERIMENTAL \ 

\ , 

~lting points werJ determined on a Gallenkamp 
\ 

block and are uncorrected. 

r 
r Maas spectra were obtained on an AEI-MS-902 mass 

$pectrometer at 70eV uslng a direct insertion probe. 
o 

Nrnr spectra were recorded on Varian T-60 and HA-IOO 

1 spectrometers using tetramethylsilane as an internaI 

standard. D9ublets, triplets, and quartets in ~he nrnr ~ 

spectral data were recorded as the center of the peaks 

and multiplets as their range, of absorption. Ir spectra -were obtained on a Unicam SP-lOOO and perkin-Elmer 

PE-257 infrared spectrophotom~ers. Uv ~pectra were 

recorded using a Unicam'SP-800 spectrophotometer. 

Analytical thin layer chromatography was performed 

on silica gel coated plastic plates (Ea~tman Kodak) and 

on a preparative scale on silica gel (Merck UV254,366 ) 

coated glass plates. Woelm alumina (neutral, Act. 1) 

and silica gel (Act. III) were used for column 

chromatogr aphy • 

Microanalyses w~re carried out by C. Daessle, 

Montreal. All chemicals are "Reagent Gx:ade Il ~nless 

-, otherwise specified. 

96 
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EXPERIMENTAL - CHAPTER l 

preparation of mannitol diacetonide (54) 

'-. 

D-Mannitol (182 g) was suspended in a mixtur~ of .. 
acetone (1500 ml) and dimethoxypropane (180 g) •. 

p-Toluenesulfonic acid (1 g) was added and the suspension 

was stirred at room tem~erature for one hour. Unreacted 

mannitol (90 - 100 g) was filtered off and the filtrate 

shaken with anhydrous potassium carbonate (50 g) until 

it was co1or1ess. Potassium carbonate was fi1tered off 
1 

and the filtrate evaporated to dryness in vacuo.' The 1 

semi-solid residue was transferred to an Erlenmeyer flask 

containing petroleum ether (60 - 80°C) (3500 ml) and 
~& \ 

heated to boiling with good stirring unti1 almost aIl' 

the solid had been dissolved. The undisso1ved materia1 
. 

• was irnmediately filtered and the fi1trate heated t~ 

boiling. The solution was coo1ed and the product 
1 

col1ected by filtration, washed with cold petro1eum 

ether and allowed to dry. 

Y~e1d: 30 g, mp : 119 - l210C (lit:6 119°C) 

Nrnr (CDC13 ): 81.37, 1.42, (each s, 6H, acetonide), 2.70 

~road s, 2H, OH), 3.6 -4.25 ppm (m, BH) 

Ir (KBr) : 3400, 3280, 3000, 2946, 29Q9-,. 1427, 13~6, 

1385, 1374, 1169, 1135, 1078, 1050 cm-1 

:.....: 

\ 

-------- ~---- . \ 
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preparation of qlycerol~ acetonide (63) . -

, 
- The ~rocedure of Renoll and Newman

38 
was followed and 

the fractiçn boiling at 89-92°e/17-18 mmHg (lit:
8 

80-

81~C/ll mmHg) was col1ected. 
l..' 

Y'ield: 91 % 

Nmr (CDC13): 81.37, 1.42 (each s, 6H, acetonide), 

3.5-4.3 ppm (m, 6H) 

Ir (CC14 ): 3490, 3000-2905, 1470, 1392, 1378,'1221, 
-1 1167, 1040, 1080 cm 

Prep~ation of glyceraldehyde acetonide (55) 

"-

The procedure of Baer and Fischer36 was fo11owed. 

The product was a colorless oil and distil1ed at 55-58°C! 

22 mmHg (lit .36 35-42° e/8-ll mrnHg). 

Yield: 75 % 

Nrnr (CDC13 ): 8 1.43, 1.49 (each s, 6H, acetonide), 

3.8-4.33 (m, 3H, OCH2 and OCH), 9.7 ppm (d, 

J=4Hz, 1H, a1dehyde) 

Ir (neat): 3450, 1725 (a1dehydel, 1260, 1220, 1080 cm-1 

preparation of the dioxan (56) from (55) 

The procedure of Rossy 35 was followed using glyc~-

a1dehY~~ ~etonide (55), formaldehyde and_~~ 

98 



• 

-

, 

• 

carbonate in aqueous methanol. 
, 

We found, however, this ,~-' 

product was contaminated with an impurity. 

J 

Direct preparation\of the dioxan (56) from (54) 

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

pH 6 buffer solution (400 ml) ~ sodium periodate (20.4 g) 
t 

was added. After the mixture was'stirred for 30 minutes, 

40 % formaldehyde (74 ml) and a solution of potassium 

carbonate (23.1 g) in water (70 ml) were'added. The 

mixture was stirred overnight at room temperature and 

extracted three times with methylene chlo,ride. The 

combined extraéts were dried over ànhydrous sodium sulfate, 

filtered and evaporated in vacuo. The crystalline product 

was pure enough for further use. 
o 

Yield: 28.3 9 (81 %)"mp: 89-90 C 
. 

Nmr (Acetone-de): 8 1.49 (s, 6H, acetoni~e), 3.9 (ABq, 

Ir (KBr): 

J=lP Hz, 2H, OCH2), 4.2 (ABq, J=lO Hz, 2H, 
oC 

OCH2 ) , 4.02-5.97 (broad, lH, OH), 5.0 (ABq, 

J=7 Hz, 2H, O-CH2-0), 5.12 ppm (s, 1H, a-CH-a) 
1 

3405: 3100-2910, 1470, 1396, 1384, 1220, 1162, 

1090, 1080 cm 
-1 
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' ..... preparation of the oxazo1idine alcohol (59) 

Tqe dioxan (56) (25 g), prepared directly fram 

mannito1·diacetonide, was dissolved in benzene (500 ~l) 

and N-methylethano1amine (20.7 g=2.1 equiva1ents) was 

added. Slow'distii1ation resulted in the removal of water. 

After 400 ml of benzene had been co11ected, the rernaining 

benzene was evaporated in vacuo. The'residue was disti11ed 

under high vacuum and the fraction boiling at 100-1030 e/0.5 

mmHg was co11ected. 
""-

Yie1d: 25.8 g (89 %) 

~ (CDC13 ): ô 1.42 (s, 6H, acetonide), 2.60 (s, 3~ N-CH3 ) 

2.52-3.47 (m, 2H, N-cg2-CH2-0), 3.50-4.20 (m, 

7H, N-CH2 -Cfu -0, N-CH-O, C!!,2 -OH and CH2-OC), 

4. 48' ppm (broad s, 1H, OH) 

Ir (neat): 3600-3300 (OH), 2810 eN-CH3), 1470, 1380, 1260, 

~ 1225, 1150, 1080, 1070, 1050 cm-1 

Pre oxazolidine mes 

The puré oxazo1idine alcohol (59) (27.6 g) was 

disso1ve~ in a mixture of triethy1arnine (19.4g=1.5 equiv.) 

and methylene chlo~ide (250 ml). The solution was cooled 

to -50 oe in a dry ice-acetone bath and fresh1y disti11ed 

'methanesulfonyl chloride (16.2 g) in methy1ene chloride 

(50 ml) was added dropwise over a period of 2 hours with 

100 
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good stirring. The mixture was then poured into water 

(200 ml) in a separat~ funnel and the organic layer 

was washed twice more with ice water. The methylene 

chloride solution was dried over anhydrous sodium sulfate 

and evaporated in vacuo. The oily residue which crystallized .. 
after treatment with ethyl ether and cooling to -20°C, was 

collected by filtration and dried in vacuo. 

Yield: 37.6 g(lOO %), mp: 83-84DC 

Nrnr (CDC13): 81.42 (s, 6H, acetonide), 2.47 (s, 3H, N­

CH 3), 2.42-3.38 (m, 2H, N-C~2-CH2-0), 3.03 (s, 

3H, CH3-S02 ), 3.67-4.30 ppm (m, 7H, O-C~-cH2-N, 

Ir (KBr): 
-1 

2820, 1475, 1380, 122, 1180, 1080, 1010 cm 

..... 

Separation of the dimesylate (6l) frcm the crude mesy1ation 

product. " 

The dimesy1ate (61) was purified as follows. 

After mesy1ation of the impure oxazolidine a1coho1 

(59), prepared from the impure dioxan (56)" the pure 

oxazolidine mesylate (49) was separated by recrystal1i-
1 

zation of the crude product fram petroleum ether (60-80D C). 

The residue was then passed through an alumina eo1umn using 

a mixture of methylene ch10ride and ethy1 ether (1:1) as , 
e~uent. and the solvent evaporated. The resu1ting 

• f 

. 'solid was recrysta11ized from petroleum ether (60-80oC)-

methylene chloride (1:1) • 

• 
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, 
Nrnr (CDe13 ): Ô 1.47 (s, 6H, acetonide), 3.08 (s, 6H, two 

3.98 (s, 2H, OCH2), 4.25 ppm (s, 

Ir (KBr): . 3500, 3008, 2958, 1495, 1470, ~430, .1396, 1385, 

1355, 1290, ,i270, 1224, 1188, 1128, 1050 crn-1 

t 

Ana1ysis": C,34.2S1 H, 5.961 .. 
S, 20.23, F,ound: C, 34.11: H, 5.81; S, 20.34 

Preparation of the a1dehyde mesY1ate (66) from ~e , 

oxazolidine mesy1ate (49) , 

The procedure of Rossy35 was fo11owed. 
~ 

The oxazolidine mesy1ate (49) (590 "mg) was disso1ved 

in 50 % aqueous ace\ic acid (20 ml) an~ ~he mixtu~e was 

stirred vigorously for 2 hours at room te~perature. Water 
-

was added and the aquéous solution extracted three -~es 

wi th ch1oroform. Each extract was washed twiaé "wTEi1 co1d 

water. The cOmbined extracts were diied over anhydrous 

sodium sulfate and evaporated to dryness in vàcuo, which 

gave a co1orless oil~ 

Yield: 464 mg (97.5%) 
\ 
\ 

Nrnr (CDC13): 8 1.45, 1.50 (each s, 6H, acetonide), 3.09 

(s, ~H, S02-CH3),14.07 (ABq, J=8 Hz, 2H, . 

CH2-0-C) 4.36 !S, 2H, S02-O-CH2),· 9.6 ppm 

(s, IH, H-~=O) 
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1,1 

Ir (neat): 3475, 2997, 2945, 2900, 1725 (aldeh~de),' 

1448, 1328, 1247, 12~0, 1165, 1050 cm-1 

Preparation of N-methV1aziridine (75) ~ 

A mixture of ,N-methylethanolamine (58) (ISO g) and 

6 conCentrated sulfuric acid (210 g) was heated slowly to / 

130°C and water was slow1y distilled off. When aIl the 
. , 

'\a{ater had been removed,. the temperature was raised to 
jrl 

v 0 • • 
250 C and the mixture cooled ~mmed~ately. The black 

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

solution (400 g in 500 ml of water) wafi added. The mixture 
,l. . 

was slowly distilled with vigorous stirri!;lg and 4{)~:.~E'];.-;qt 
, (Jo 

distillate consisting of aziridine and water was collected 

in an ice bath~ Potassium hydroxide (100 g) was added in 

portions to the distil:l'ate wi th cooling, and the separated 

organic layer col1ectep and distilled. The fraction boiling 

at 27-31°~ (lit:
5 

26-30o C) was co~lected. 

Yield: 45.6 g (40 %) 

Nrnr (CDC1 3 ) :,5 0.95 and 1.65 (each t, 4H, CH2-CH2), 2.27 

ppm (s, 3H, N-CH 3 ) 

" • _~l;" ,..(~C13): 3100-2800, 2500, 1670, 1470, 1309) 1100, 995 crn-1 

- P~~~.:ation of N-rnethy1arninoethanethiol {73} 
- - , 

Dry methanol (300 ml) was coo1ed in a dry ice-acetone 
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bath and saturated with hydrogen sulfide. A solution of 

N~ethylaziridine (75) (36 g) in dry methanol (200 ml) 
~ , 

was added dropwise to this mixture with slow bubbling of 

hydrogen sulfide ;or 2 hours. The mixt~re; was then brought 

to room temperature and stirred overnight under dry nitrogen. 

the methanol was evaporated in vacuo and the resulting 

white solid was çollected by filtration with the aid of 

cold pentane. This product was found to be very hygroscopie, 

and thus was kept in'the refrigerator under nitrogen. 

Yield: 41.5.g ( 72 %), mp: 50-53°C (lit:
s 

48-54°C) 

Nrnr (CDC13): ô 1.82 (s, lH, SH), 2.2~ (s, IH, mi), 2.59 

(s, 3H, CH 3), 2.46-2.78 ppm (m, 4H, N-CH 2-CH2 -S) 

Ir (CHCI3): 3340(NH), 3060-2800, 2520 (SH), 1680, 1485, 

1120 cm-1 

preparation of the thiazolidine alcohol (72) 

The dioxan (56) (19 g) and N~ethylaminoethanethiol 

(73) (19.1 g) were dissolved in dry benzene .(500 ml) and 

the mixture heated until benzene distilled slowly. After 

400 ml of benzene' had been cOllected,,, the rerna\ning 

benzene was evaporated in vacuo ...... Th~ residue was distilled 

under high vacuum and the fraction boiling ~t l27~130oC/0.2 

rnmHg was collected. • 

Yield: 21.3 9 (90 %) 

Nrnr (CDC13 ): ô 1.47, (s, 6H, aceto~id~), 2.50, 2.58 (each s, 
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3H, N-cH3 } 2.87-3.23 (m, 4H, N-CH2-CH2-S), 3.8 

(q, J=5Hz, 2H, OCH2-C), 3.93 (q, 2H, OCH2), 1 ~ 

4.1 (s, lH, OH), 4.48, 5.57 ppm (each S, lH, 

N-CH-S) 
j 

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

1300, 1216,' 1071, 1000 crn-
1 

Mass spectrum (70eV): mie = 233 (M+) 

Analysis: Ca1culated for C10H19 N03 S : C, 51.49; H, 8.21; 

N, 6.01; S, 13.72, Found: C, 51.53, H, 8.17; 

N, 6.13; S, 13.63 

wreparation of the thiazolidine mesylate (50) 

A solution of the thiazolidine alcohol (72) (11.65 g) 

and triethylamlne (7.6 g) in methylene chloride (200 ml) 

was cooled to -50°C in a dry ice-acetone bath and freshly 

distilled mesyl chloride (6.3 g ~.l.l equivalent) in 

methylene chloride (50 ml) was added Qropwise over a 

peri9d of 2 hours. The mixture was poured into water . 
(300 ml) and the organic layer washed twice with c~ld 

water. The methylene chloride solution was' dried over 

anhydrous sodium sulfate, fi1tered and evaporated in vacuo. 

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

kept overnight in the refrigerator. The white crystalline 
1 

product was collected by filtration, wasb,ed with col/d 

ethyl ether and dried in vacuo. 

.' 
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o Yie1d: 15.5 9 (100 %), mp: 65-66 C 
i 

Nmr (CDC13): Ô 1.44 (s, 6H, acetonide), 2.37, 2.42(each s, 
./ 

N-CH 3) , 2.8-3.18- (m, 4H, N-cH2-CH2-S), 3.06 (s, 

3H, S02-CH3), 3.95 (q, 2H, CH2~0), 4.20, 4.25 
ç 

(each s, 1H, S-CH-N), 4.30 ppm (s, 2H, CH2-OS02) 

Ir (KBr): 3030-2810, 1455, 1391,'~80, 1361, 1339, 1300 

1252, 1220, 1200, 1180 ëm-1 

Ana1ysis: Ca1cu1ated_ for C 11 H21 NOSS2: C, 42.457 H, 6.75 

N, 4.50: S, 20.58, Found: C, 42.257 H, 6.59: 

N, 4.62: S, 20.32 

Preparation of the thiazo1idine trif1uoroacetate U7) 

~ 

A solution of trif1uoroacetic anhydride (2.1-g) in 

methy1ene ch10ride (10 ml) was added dropwise to a 

mixture of the thiazo1idine a1coho1 (72) (1.16 g) and 

triethy1amine (0.98 g) in methy1ene c~loride in a dry 

ice-acetone bath for two hours. The mixture was poured 

into water (50 ml) and the separated organic layer washed 

with water. Drying over ~ydrous sodium sulfate, 

filtration and evapora~ion gav~ pale ye110w oi1. 

Yie1d: 1.53 9 (98 %) 

Nmr (CDC13): Ô 1.44 (s, GH, acetonide), 2.40; 2.50(each s, 

3H, N-cH3) , 2.8-3.4 (m, 4H, N-cH2-CH2-S), 3.9-

,4.65 ppm (m, 5H, OCH2 and N-CH-S) 

~r (neat): 3010-2820, 1795 (ester), 1715, 1~94, 1395, 1384 

1228, 1175: 1160 'cm-
1 
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Ana1ysis: Ca1culated for C12 H18 N04 SF3 : C, 43.761 H, 
L 

N, 4.25; S, 9.74; F, 17.31, Found: C, 

H, 5.57; N, 4.11; S, 9.34; . F', 17.74 

preparation of the Aldehyde mesylate (66) from the 

thiazo1idine mesy1ate (50) usinq mercuric chloride ' 

5.517 

43.49 

The thiazo1idine mesy1ate (50) (311 mg) was dissolved ' 

in 80 % aqueous acetonitrile or tetrahydrofuran (lO ml) and 

mercuric chloride (280 mg = 1.1 equiv.) was added. The 
• 

white mi1ky suspension was refluxed for 1 hour and then 

fi1tered. The fi1trate was evaporated in vacuo and the 

residue extracted with methylene ch10ride. The m~thy1ene 

ch10ride solution was washed with di1ute hydroc~ioric acid 
.. 

and water,- dried over anhydrous sodium sulfate, ,fil tered 

and evapqrated to dryness ~rr vacuo, giving a white oi1. 

Yie1d: 248 mg (96 %) 

The nrnr and ir spectra were exact1y the sarne as those of 

the product from the acidic hydro1ysis of the oxazolidine ~ 

rnesy1ate (49) •. 

preparation of the aldehyde mesylate (66)- from the 

~iazo1idine rnesy1ate (50) usinq rn-chloroperbenzoic acid 
li 

Thiazo1idine mesy1ate (50) (311 mg) was dissolved 

in methylene chloride (5 ml) and m-chloroperbenzoi~ acid 
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• (344 mg=2 equivalents) ,was added at oDe. The mixture 

was stirred for 5 minutes and washed with sodium bicarbonate 

solution. Drying over anhydrous sodium sulfate 1 evaporation, 

passing through a silica gel column using ethyl ether as .. ------..., 

eluent and evapor~tion gave a white oi1. 

Yield: lBB mg (72 %) 

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

fram the acidic hydrolysis of the oxazolidine mesylate (49). 
\ 

'r>j> 

rt 

100 



• 

- -' 

• 

EXPERIMENTAL - CHAPTER II / 

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

The procédure of Sheehan and JOhnson 48 was followed. 

The crude product was recrystallized' from benzene. 

Yield: 40 %, 

Nmr (DMS O-d 6): 5 3.65 (s, 3H, CH 3)' ')7.83 (s, 4H, ph tha1-

imido), 8.0 (s, 1H, C=CH)', 9.5 ppm (broaq.l 1H, 

OH) 

Ir (KBr): 3500-3100, 1800/1730 (phthalimido), 

1700 crn-1 (C=C) 

~ 

preparation of methyl 2-phtha1imido-3-hydroxyacrylat~ 

thallium salt (67c) 

MethYl-2-Phthal~dO-3-hYdroxyaCrylate (67a) (2.47 g) 
.. 

109 

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

(2.74 g, Aldrich, 98 %) was added. The pale ye1low powder 

which settled down immediately was collected by filtratidb 

and rec.ry~tallized from ethano1. 

Yield: 4.5 g (1-00 %), mp: 245-247°C (decomp.) 

Nmr (DMSo-d 6): 5 3.6 (s, 3H, CH 3 ), 7.9 (s, 4H, phtha1-
~ 

imido} , 8.98 ppm (s, lH, ,C~CH) 

Ir (KBr): 3600-3300 (salt), 1800/1730 (phthalimido), 

1720 (ester), 1670 (C=C), 1578, 1450 cm-1 

, 
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... 

Analysis : Calculated for C 12 H8NOsTl: C, 32.03 rH, 2.041 

N, 3.11 Found: C, 31.76; H, 2.011 N, 3.23 

prepara~~on of methyl 2-phthaltmido-3-hydroxyacrylate 

sodium salt (67b) 

1 

Methyl 2-phthalimido-3-hydroxyacry1ate (67a) (~3.4 g) 

was, disso1ved in benzene (100 ml) and an ethanolic solution 
, 

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

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

and the yellow precipitate was collected. 

Ir (KBr): 

o mp: 270-272 C (decomp.) 
... 

3.7 (s, 3H, CH 3 ), 7.95 -(s,- 4H, phtha1imido), 

8.95 ppm (s, 1H, C=CH) 

3400, 1800/1730 (phtlka1imid9), 1720 (ester), 

1690 (CcC), 1590, 1458, 1430 cm-1 

Preparation of methyl 2-phth~limido-3- ( { {2,'f 2' -dimethyl-

4' - (3 """"ffiethyloxazo1idine-2"-y1) -l' «3 1-dioxolan-4 1-yl) 

methylloxy)acrylate (68) . 

The thallium salt (67c) (3.375 g) was suspended in 

" a solution of the oxazolidine mesylate (49) (1.475 g) in 

dry 2-butanone (50 ml). The mixture was refluxed for 6 

hours, allowed ta cool and filtered. The yellow filtrate 

was concentrated under reduced pressure. The resulting 

'" 
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foamy ~elid showed two spots in t .1.c. This crude product 

was passed through an alumina column using rnethy1ene 

yloride-ethYl ~t~er (5 :1) as eluent. A total of 100 ml 

. of the eluant was col1ected and evaporated in vacuo. The 

whi te foamy solid was dissol ved in ethyl ether (5 ml) and 

kept overnight in the refrigerator. The crysta11ine ' 

compound (the undesired perhydrooxazepine derivative) was 

filtered· off and the fi1tr~te was ev aporated, giving a 

white solide " 

Yie1d: 1.0 9 (45 %), mp: 43-45°C 

Nrnr (CDCl3): 5 1.27, 1.38 (each s, 6H, acetonide), 2.45, 

2.50 (each s, 3H, N-CH 3 ), 2~4-2.7 and 3.0-3.3 

(m, 2H, N-cfu-CH2 -0), 3.72 (s, r 3H, o-cH 3), 

3.6-4.02 (m, 2H, N-cH2-Cfu-O), 3.91 (s, 1H, 

N-CH-O), 4.0 (s, 2H, O-cH2 ), 4.22 (q, 2H, OCH2), 

7.68-8.0 ppm (m, SH, phthalimido and'C=CH) 

Ir (CHC13): 3050-2950, 1800/1740 (phthalimido), 1735 (ester), 

1670 cm-1 (C=C) 

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

Analysis: Calcu1ated f(i)r C22H26N20a: C, 59.181 H, 5.87; 

N, 6.28 Found: C, 58.931 H, 6.~41 N, 6.42 

The perhydrooxazepine derivative (69) from the reaction 

of the mesv1ate (49) and the salt (67c) 

This crysta11ine compoun~ was separated by the rnethod 
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(j ~ mentioned above • 

'1 • 

yield: 46 %, 
• 0 

mp' 173-174 C 

Nmr (CDC13): 8 1.15, 1.25 (each s, 6H, acetonide), 2.34 

Ir (I<Br): 

(3H, N-CH3), 2.4-a.7 (m, 4H, CH2-N-CH2), 3.73 

(s, 3H, OCH3), 3.7-4.14 (m, 4H, OCH2), 5.13 

(s, 1H, o-cH-O), 7.63-7.94 (m, 4H, phthalimido) 

7.92 ppm (s, IH, C=CH) 

2990-2808, 1800/1740 (phthalirnido), 1725 

(ester), 1670 (C=C) , 1480, 1390, 1380 cm-1 

Mass spectrum (70eV): mie = 446 (M+) 

Analysis: Ca~cu1ated for C22H26N20e: C, 59.181 H, 5.871 
-', 

Ni; 6.28 Found: C, 58.89;.H, 6~ N, 6.54 

preparation of rnetl)yl 2-phthalimj,do-3'" (( (2' , 2 1 -dimethyl-

4 • - (3 ft -met;byl thiazol!dine-2 "-yI) -11 « 3 l-dioxolan-4 1 -YI) 

methyl) oxy) acrvlate (8S) .. 

The sodium salt (6Th) (7 g) was suspended in a 

" solution of the thiazolidine rnesylate (50) (6.22 g) in 

dry 2-butanone (100 ml). The mixture was refluxed for 6 
, 

hours, cooled and fi1tered. Evaporation of the solvent 

gave a foarn, which was passed through a silica gel column 

using methy1ene chloride-ethyl ether (1:1) as eluent. 

Evaporation of the soivent gave a white foarny solide 

Yield: 9.2 g (100 %) 

Nrnr (CDCI 3 ): 8 1.27, 1.37 (each s, 6H, acetonide), 2.28, 

" 

-
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2.35 (each s, 3H, N-cH 3 ) , '2.78-3.23 (m, 411, 

N-cH2-cH2-B), 3.73 (s, 3H, OCH3), 3.8-4.02 

(m, 2H, OCH2), 4.14-4.33 (m, 3H, OCH2and 

N-cH-S), 7.7-8.02 ppm (m, 5H, phtha1imido 

and c=œ) 

Ir (CRC13): 2985, 1800/1735 (phthalirnido), 1720 (ester), 

1~ (C=C), 1428, 1393, 1380, 1100 cm-1 

Mass'~ec~rum (70eV): mie = 462 (M+) 

Analysis: Ca1culated for C22H2SN207S: C, 57.14; H, 5.671 

N, 6.04: S, 6.92 Found: C, 57.38: H, 6.02: 

N, 5.89: S, 6.62 

Preparation of metpyl \ 2-benzamido-3-hydroxxacry1ate (84a) 

This pale ye110w oi1y compound was prepared in the 

same way as (67a) fram methyl hippurate. 

Yield: 36 % 

Nror (benzene-ds): 8 3.42 (s, 3H, OCH 3 ), 6.9-7.82 (m, 6H, 

pheny1 and C=eH) 1 7.43 (broad, 1H, NH), 

8.4 ppm (broad, IH, 00) 

3400 (oo), 1710 (ester), 1675 (amide and C=C), 
• 1550, 1453, 1360, 1280, 1100 cm~ 

o ... 
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preparation of methyl 2-benzamido-3-hydroxyacrylàte 

sodium salt (84bl 

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

from (84a). 

Yie1d: 95 % based on sod~um, 

Nmr (DMSo-d e ): B 3.62 (s, 3H, COOCH3), 7.4-7.98 (m, 5H, 

phenyl), 8.43 (s, IH, NH), 8.78 pprn (s, IH, 

Ir (KBr) 

Ana1ysis: 

, 

C=ÇH) 

3320 (salt), 3055-2858, 1660, 1~25, 1590, 

1540, 1455, 138'0, 1328, 1200, 1110 crn-1 

Calculated for C11 H10N04Na: C, 54.32: H, 4.15: 

N, 5~76, Fouhd: C, 54.417 H, 4.427 N, 5.67 

l'" 

preparation of methy+ 2-benzamido-3-«(2 1 ,2 1 -dirnethyl-4'-

(3"-methylthiazolidine-2 "-yI) -1'« 3 1 -dioxolan-4 1 -yl) 

rnethyl)oxy)acrylate (86) 

This foarny compound was prepared in the sarne way as 
, 

(85) from (50) and (84)"-

Yield: 97 % 

Nrnr (CDC13 ): ô 1.33-1.45 (m",6H, acetonide), 2.33,2.40. 

(each s, 3H, N-CH3), 2.8-3.2 (m, 4H, N-CH 2-cH 2-

S), 3.73 (s, 3H, COOCH3) , 3.7-4.32 (m, 4H, twl 

4.35, 4.46 (each s, lH, N-cH-S), 7.2-

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

1 
1 
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Ir (CC14): 3440, 3010-1960, 1725 (ester), 1695 (ç=C), 

1{)65 (amide), 1517, 1490-; 1390, 1378 cm-1 

Mass spectrum (70eV): mie = 436 (M+) 

" 115 

Ana1ys!s: Ca1culated for C21H2SN20SS: C, 57.79; H, 6.471 

N, 6.421 S, 7.33, Found: C, 57.65; H, 6.751 .' 

N, 6.23: S, 7.11-

preparation of methy1 2-phthalirnido-3-(((4'-formYl-2',2'-
---- -- -~-

dimethyl-1',3'-dioxolan-4'-yl)rnethyl)oxy)acrylate {82) 

from (85) 

The thiazo1idine methyl ester (85) (4.62 g) was 

disso1ved in tetrahydrofuran-water (4:1) (50 ml) and 
mercuric chloride' (3.0 g = 1.1 equiv.) was added. The 

i~1y formed milky suspension was ref1uxed for l 

hour, cooled and filtered. The filtrate was concentrated 

under reduced pressure and thé residue extracted three 

times wi th benzene. The combined extracts were washed 

with dilute hydroch1oric acid and water, dried over 1 

anhydrous sodium sulfate and filtered. Evaporation of , 

the solvent gave a white foamy sol~d. 

Yield: 3.89 g (100 %) 

Nrnr (CDC13 ): 8 1~~3 (s, 6R, acetonide), 3.72 (s, 3H, 

COOCH3 ) , 3.9-4.12 (m, 2H, OCH2) , 04.33 (s, 

2H, OCH2), 7.68-8.0 (m, 4H, phthalimido), 

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

/ 
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Ir (KBr): 3500 (hydrate form of -a1dehyde) 1 3050-2950, 

1800/1735 qphtha1imido), 1735 (ester) 1 1720 

-1 
(a1dehyde), 1670 cm (C::::C) 

Mass spectrum (70evr: mie = 389 fM+) 

Ana1ysis: Ca1cu1ated for C19H19 NOeH20: C, 56.027 H, 5. ~ '\ 

N, 3.44, Found: C, 56.291' H, 5.217, N, 3. 

'Preparation of methyl 2t-phtha1imido-3- {( (4'-formyl-2' ,2· ... 

dimethvl-I',3'-dioxo1an-4'-yl)methyl)oxy)acry1ate (S2) 

from (68) • 
The oxazo1idine methyl ester (68) (446 mg) was 

dissolved in 50 % aqueous acetic acid (IO ml) and the 

mixture stirred for 2 hours at room temperature. Water 
1 • 

(20 ml) was added and the mixture extracted three times 

with chloroform. The extracts were back-washed twice 

with water, combined and dried over anhydrous sodium 

sulfate. Evaporation of the soivent gave 380 mg (99 %) 
1 

of:a white foamy solide 

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

those of the product from the thiazolidine ester (SS). 
t> 

preparation of rnethY.,l 2-benzamido-3- { ( (4 J -formyl-2 '" 2 '­

dimethyl-I'.3'-dioxolan-4·-yl)methyl)oxv)acry1ate CS7) 

from (86) 

This white foamy compound was prepared in the same 



,\ .. 

wayas (82) fram (86), but it waS further purified by 

paasin~ it through a silica,gel column using ethyl ether~ 

Yield: 70 % 

Nmr (CDe13): ô 1.43 (s, 6H, acetonide), 3.7 (s, 3H, Cooéa3), 

3.75-4.30 (m, 4H', two OCH 2), 7.25-8.0 (m, 7H, 
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phenyl, NHC=O and C=CH), 9.67 ppm (s, IH, aldehyde) 

Ir (CHC13) :3440, 3000, 2960, 1730, (broad, ester and aldehyde) 

1685 (C=C), 1660 (amide), 1495, 145d, '1395, 1385, 

1150, 1100 cm 
-1 

(M+) 
'-, 

Mass spectrum (70eV) : m(~ = 363 ~ 

Ana1ysis :. Calculated for C 1eH 21 N~7: 
>J 

C, 59.49; H,-5.83: 

N, 3.86, Found: C, 59.03r H, 5.96r N, 3.72 
&.1 

'" 
preparation of the Schiff base (96) from (82) 

'The aldehyde ester (82) (97 mg) was dissolved in 
, f" 

"methylene €hloride 
"1 J 

- - 1 / 
.met~y*erie chloride 

(10 ml) and n-propylam~ne (15 mg) in 
. 0 

(5 ml) was added at 0 C. The mixture 
\ 

was stirred for l hour, dried over anhydrous sodium 
J 

sulfate and filtered. Evaporation of the solvent gave 
<J , 

1 a white oi1. 

t[fe5 \ 

NInf' (CDe13) : Ct, 3H, CH2 -cH 3 ) , 1.4 (a, 6H, acetonide) , - \ 

1.5-1.7 (m, 2H, C!!.2-CIIJ) , 3.39 Ct, 2H, N-cH2) , 

3.7,2 (s, 3H, OClI3 ), 4.1 (s, 21{, OCH2), 4.33 

(s, 2H, OCH2), 7.64-8.02 ppm (m, GH, phtha1irnido, 
" 

C-CH and N=CH) 
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.preparation of a standard ammonia solution in 

~tetrahYdrOfUran 

/1 
/, 

V 
Dry tetrahydrofuran was saturated with ~onia and 

the excess ammonia was allowed to evaporate by stirring 
"-

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

was diluted with water (lOml) and 10 ml of a known norma­

lit Y of hydrochloric '\acid was added. A few drops of 

phenolphthalein were then added and the acidic solution 

titrated with a standard sodium hydroxid~ solution. From 

_these data, the normality of the ammonia solution was 

càlculated. 
---..-'~-,- ----

-6~~ 

preparation of a-phthalimido-2,2-dimetpyl-l,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 (5 ml) and 0.12 N ammonia solution in dry 

tetrahydrofur an (23.2 ml = 1.1 equi v 0) wa s added. The 

mixture was kept overnight at room temperature, dried 

over anhydrous sodium sulfate and evaporated. The 

foamy solid was passed through a silica gel column 

\ usirig methylene chloride-ethyl ether (5 :1) as 

eluent. Evaporation of the solvent gave a white solide , , 

Yield: 0.89 g (9l %), mp: 7l-7~C 

/ 

ll~ 

. 
1 

_~ . __ ~---, __________ .rr 
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Nmr (CDC13 ): 81.42 (s, 6~, acetonide), 3.73 (s, 3H, 

COOCH3 ), 3.90 (s, 2H, OCH 2), 3.S9-4.e2 (m, 

2H, OCH2), 4.8-S
A
.l (m, lH, N-;a-COO), 5.72-

5.9 (m, lB, N-cH-O), 7.6é-8.00 ppm (m, 5H, 

phthalimido and N=CH) 

Ir (CCI4 ): 3400, 3000-2900, 1800/1735 (phthalimido), 

'1750 (ester), 1670 cm-1 (broad, amide and ClaN) 

Mass spectrum (70eV): mie = 388 (M+) 

Analysis: C, 58.761 H, 5.191 
1 

.,N, 7.21, Found: C, 58.311 H, 5.507 N, 7.'33 

Preparation of a-benzamidi-2,2-dimethYl-l,3,7-triaxa-
, 

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

ester (92) fram (87) 

This white foamy canpound was prepared in the sarne 

way as (91) fram (87) in 93 % yield. 
16 

Nmr (CDC13 ): 8 1.56 (s, 6H, acetonide), 3.77 (s, 3H, OCH3 ), 

3.6-4.18 (m, 5H, two OCH2 and N-cH-COO), 5.3-
. 

5.4 (m, lH, N-cH-O), 6.9 (broad, lH, NH), 7.25-

8.0 ppm (m, 6H, phenyl and N=CH) 
1 

Ir (CHC13) :3450, 3000-2880, 1750 (ester), 1675 (broad, 

amide and C=N), 1530, 1500, 1396, 1385 cn-1 

Mass spectrum (70eV): mie c: 362 (M+) 

Analysis: Calculated for C1SH22N20S: C, 59.66: H,6.l2 

N, 7.73" Found: C, 59.507 H, 6.17: N, 8.02 

! 
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EXPERIMENTAL - CHAPTER III 

Prep~ation of 4-eth0XYrnethy1ene-2-phenyl-S-oxazolone (103) 

Hippuric acid (72 g) and triethyl orthoformatë (60 g) 

were heated for 1 hour under reflux with acefic anhydride 

(80 g) (bath tempe = l40-150oC). Low boiling material was 

the,n removed by vacuum distillation. The dark red resudœ 

solidified on cooling and triturating with cold ethanol. 

Treatrnent of the red solid with charcoal and recrysta1li-, 
zation fr~ petroleum ether (60-S0oC) gave pink needles. 

Yield: 35 9 (53 %), mp: 97-9SoC (lit:9 97-9SoC) 

Nrnr (CDe13 ): 5 1.47 (t, J=7 Hz, 3H, CH 3 ), 4.35 (q, J=7 Hz, 

2H, CH2), 7.14(s, lH, C=CH), 7.18-S.0 ppm (m, 

SH, phenyl) 

Ir (KBr): 1785 (C=O), 1673 œm~ (Ç=N) 

preparation of 4-hydroxymethylene-2-phenYl-5-oxazolone (104) 

4-Ethoxymethy1ene-2-phenyl-5-oxazolone (103) (10.85 g) 

was suspended 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 materia1 and the aqueous 

solution acidified with cold dilute hydroch1oric acid • 

120 
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The precipitate was co11ected by fi~tration, washed severa1 

tîmes with co1d'water and dried over NaOH in vacuo. 

Yie1d: 8.07 9 (85 %), rnp: ISO-151°C (lit.sO 152°C) 

'Nmr (DMSo-d 6): 8 7.33-8.12 (m, 5H, pheny1), 7.7 (s, 1H, 

C-cH), 10.48 ppm (s, 1H, OH) 

Ir ~(KBr) : 3500 (.broad), 1795 (oxazo1one), 1613, 1585; 

1500, 1380, 1300, 1118 cm 
-1 

Preparation of N-formy1g1ycine ethy1 ester (110) 

61 The procedure of Jones was 
o 

fraction boi1ing at 95 C;0.2 mmHg 

was co11ected. 

Yie14: 90 % 

fo11awed exact1y and the 

(lit~1 110oC/1 nunHg) 
", 

~ 

Nrnr (CDC13): 8 1.33 (t, J=7 Hz, 3H, CH3), 4.12 (m, 2H, 

CH2COO), 4.25 (q, J=7 Hz, 2H, CH.2-CH3), 

7.35 (broad, 1H, NH), 8.3 pprn (s, 1H, CHO) 

Ir (neat): 3300, 2980, 1740 (ester), 1660 (amide), lS25, 

1376, 1200 cm -1 

Preparation of ~,8-Qiethoxya1anine ethy1 ester (112) 

A suspension of sodium ethoxide (48.5/9 = 0.71 mole) 

in dry zy1ene (15Q ml) was added in srna11 portions to a 

mixture of N~forrny1g1ycine ethy1 ester (110) (91.7 9 = 
0.7 mole) and ethy1 formate (222 9 • 3 mOle) over a 
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period of 1 hour at oOe. The mixture \.las stirred vigorously 

for an additianal hour and kept overnight in the refrigerator. 

Anhydrous ethyl ether (200 ml) was àdded and the solid 

collected by filtration, washed with ethy1 ether and dr1ed 

in vacuo. ~is' sodium salt (111) was then added to the 

ethano1ic hydrogen chloride solution (1000 ml, 15 % by 

weight) at OOc and the mixture allowed to stand overnight 

~temperature. This solution was concentrated to a 

heavy syrup under reduced pressure and treated with eh1oro­

forrn (900 ml)'" The solution was stirred vigorous1y for 

/ 4 hours whi1e sOdium bicarbonate (200 g), was added in 

portions. The suspension was filtered and the filtrate 

washed with 5 % bicarbonate solution and brine water, 

dried over anhydrous sodium sU~fate and evaporated in 

vacuo. The pale red residue was distil1ed at 76 - 82°C 

(0.4 rnmHg) and redlsti1led at 71 - 72°e (0.1 mmHg) 

(lit.62 71° C/O.l nunHg). 

C \1 

Yield: 66 9 (51 %) 

CH3), 1.66 (,s, 

2H, NH2), 3.61 (d, 1H, N-CH-COO), 3.4-3.92 

4.78 ppm (d, lH, Q-CH-O) 

Ir (ne,t): 3365, 2960-2860, 1730' (ester), 1580, 1480, 
Z 

1370, 1300, 1215, 1100, 1060, 1020 cm-1 

1 • 

, 
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Preparation of 2-pheny1acetamido-3,3-diethaxyproeionic 

acid El13) a 

Phenylacetyl ch10ride (17 g) was added dropwise to a 

vigorously stirred mixture of ~/~-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 filt'rate was washed with water, dried over 

arihydrous sodium sulfate and evaporated. ~o this crude 

ester, ethanolic sodium hydroxide solution (4.3 9 of NaOH 

in 250 ml of ethanol) was added and the solution stirred 

ovemight at room temperature. Ethanol was evaporated 

and the residue dissolved in water (150 ml). Any free 

organic material was removed by extraction with ethyl , 

ether and the aqueous solution acidified with 1 N 
" 

hydrochloric acid. Extraction with ethyl acetate, drying 

and evaporation gave ,a white solid. 

Yield: 29 9 (90 %), mp: llO-111°C (lit~2 112-1l3°C) 
, 

Nmr (CDC13): [) 1.12 (t, J=7 Hz, 6H, two CH 2 -C!ù), 3.65 (s, 

Ir (KBr): 

2H, C[2-C6Hs), 3.57 (q, J=7 Hz, 4H, two 

C~2-CH3), 4.7-4.93 (m, 2H, O-CH-CH-N), 6.5 

(broad, lH, NH), 7.33 (s, SH, phenyl), 

10.39 ppm (s, 1H, COOH) 

3340, 2965, 2870, 1710 (acid), 16,20 (amide), 

1550, 1490, 1432, 1355, 1337, 1230 cm-1 

123 



• 

preparation of 2-benz~4=ethoxymethy1ene-5-oxazo1one . 
hydrobromide (l14) 

, , 

\, 
2-Pheny1acetamido-3,3-diethoxypropionic acid (113) 

(2.95 g) was disso1ved in di(xahe (30 ml) 'and phosphorus 

tribromide (2.98 g) was added dropwise over a period of 

30 minutes. Ethy1 ether (50 ml) was added and the white 

precipitate co11ected by vacuum ~~ltration. 

Yie1d: 2.8 9 (90 %), mp: l23-124°è (decomp.) (lit~390-1150C) 

NmX (methano1-d 4): B 1.35 (t, J=7 Hz, 3H, CH3), 4.24 (g, 

J=7 Hz, 2H, CH2), 5.0 (s, 2H, CH2-CsHs), 7.35 

(s, 5H , pheny1), 5.48 (broad', lH, N+H), 7.8 

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

Ir (KBr): 2935 (broad), 2312 (N+H) , 1822 (oxazo1one), 

1642, 15~0, 1490, 1448, 1303, 1218, 1110 crm -1 

prepar~tion of 3-ethoxy-2-phenYlacetamidoacrylic acid (115) 

2-Benzyl-4-etboxyrnethy1ene-5-oxazolone hydrobrornide 

(114) (1.3 g) was treated with water (10 ml). The salt 

immediately changed to the oi1, which crysta11ized on 

standing. Extraction with. ethy1 acetate, drying and 

evaporation gave a white solid. 

Yie1d: 940 JIl~ (91 %), mp: 134-135°6 (lit.
58 

134-135°C) 

Nmr (CDC13): B 1.26 (t, J=7 Hz, 3H, CH3), 3.67 (s, 2H 
1 

C~2-C6Hs), 4.07 (q, J=7 Hz, 2H, OCH 2 ) 6.7 

(broad, 1H, NH), 7.3S (s, SH, phenyl), 

124 
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~ 7.42 (s, 1H, C-CH), 10.37 ppm (broad, 1H, COOH) 

~ 

Ir (KEr): 3221 (acid), 1640 (amide), 1527, 1491, 1430, 

1305, 1232, 1158, 1150, 1130, 1108, 1016 cm-1 

preparation of 2-ben~y1 -4-hydroxym~~~~lene-5-oxazo1one (116) 

A suspension of 2-pheny1acetamido-3,3-diethoxypropi­

onic acia (113) (17.7 g) in acetic anhydride (100 ml) was 

heatea on a steam bath for 1 hour whi1e a rapid stream 

of dry n~trogen was passed above the surface of the 

1iqui-d. The acetic anhydride was disti11ed off under _ 

vacuum and the residue '(2-benzyl-4-ethoxymethylene-5-

oxazolone) shaken vigorous1y with 1/2 N sodium hydroxide 

. solution (150 ml) unti1 everything went into ~olution. 

Any free organic material was removed by extraction with 

ethyl ether (100 ml) and the aqueous solution acidified 

with di lute hydr-och1oric acid with cooling. The ye110w 

so1id was co11ected by filtration, washed with cold water 

and dried over NaClI in vacuo. 

Yienh----~ g (84 %), mp: 130-131°C (decomp.) (lit~ 130-132<t) 

----Nmr (DMSo-d6 f:--5 J.84 (s, 2H, CH2), 7.32 (s, 5H, phenyl), 

7.63 (s, lH, C=CH), 9.98 ppm ~road, 1H, OH) 

Ir (KEr): 3480, 2512 (broad), 1810 (oxazolone), 1683 

1612, 1600, 1480, 1468, 1430, 1370, 1340, 

1269, 1227, 1213, 1152 cm -1 

125 
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preparation of 2-henzyl-4-hydroxymethylene-5-oxazolone 
, . 1 thallium salt (117) \." 

2-Benzyl-4-hydroxymethylene-5-oxazo1one (116) (2.03 g) 

was dissolved in a mixt~e of dioxane and ethy1 ether (1:1) 

and thallium ethoxide ... (2.50 g) was added. The mixture 

was vigorously stirred for 10~minutes. The pale yel10w 

precipitate was collected by filtration, wasbed with sarne 

soivent and dried in vacuo. 

Yie1d: 3.98 9 (98 %), mp: l85-l87°C 

Nmr (DMSo-d e): 8 3.76 (s, 2H, CH2), 7.14 (s, 5H, phenyl), 

8.73 ppm (s, lH, C=CH) 

Ir (KBr) : 3450 (broad) , 3080-2930, 1720, 1700, 1684, 1635, 

1585, 1553, 1508, 1465, 1440, 1427, 1363,"1349, 
-1 .. 

" 1298, 1245 cm 

Ana1ysis: Calculated for C 11 H8N03T1 : C, 32.47; H, 1.98; 
.. 

N, 3.45, Found: C, 32.27; H, 2.021 N, 3.66 

preparation, of 4- { ( «2' «2' rdimethyl-4'- (3 "-roethy1thiazoli­

dine-2"-y1) -1'« 3 '-dioxo1an-4 1 -ylhnethvl) oxv)methy1ene) -2-
'<" 

benzyl-5-oxazo1one (118) 
,; 

This oily compound was prepared in the same way as 

(85) from (50) and (117) under nitrogen. 

Yield: 94 % 

Nmr (CDC13): 8 1.26-1.58 (m, 6H, acetonide), 2.32, 2.44 

'- j 
~ 

; 
1 
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(each s, ~3H, N-CH3 ), 2.71-3.5 (m, 4H, 'N-cI4-

CH2-S), 3.81 (s, 2H, C!!2-C6H5), 3.73-4.34 (m, 

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

S), 7.27 (sÎ 1H, C=CH), 7.31 ppm (s, 5H, pheny1) 

Ir (CHC13) :3435, 3110-2987, 1785 (oxazo1one), 1690 (C=C), 

1472, 1395, 1384, 1323, 1170, 1085 cm 
-1 

\ 

Mass spectrum (70eV): mie = 418 (M+) 

Ana1ysis: 

> N, 6.701 S, 7.65, Found: C, 60.511 H, 6.431 

N, 6.321 S, 7.52 

Preparation of 2. 2-dimethyl-4- «( (5 '-oxo-2 '-benzy1-~_~­

oxazo1idine-4'-y1idene}methy1}oxy)methy1}-1,3-dioxo1ane-

4-carboxa1dehyde (120) fram (118) 

This white foamy solid was prepared in the same way 

as (82) from (118) and mercuric ch10ride and further 

purified by preparative thin 1a~er chromatography. 
(, 

Yie1d: 45 % 

Nmr (CDC13 ): 8 1.48 (s, 6H, acetonide), 3.86 (s, 2H, CH2-

C6H5), 3.94-4.57 (m, 4H, two 
..... 

1H, C=CH , 7.38 (s, 5H, pheny1), 9.72 ppm (s, 

1H, CHO) 

Ir (CHC~3) :3430, 302~, 2980, 1795 (oxazo1one), 1730 

(a1dehyde), 1690, (C=C), 1630, 1455, 1440, 

1430, 1395, 1385, 1370, 1180, 

, . 
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Mass spectrum (70eV): mie = 345 (M+) 

preparation of t-butyldimethylsityl 3~thoxy-2-phenyl­

acetarnido acrylate (128) 

A solution of 3-ethoxy-2-phenylacetamidoacrylic acid 
• 

(115) (872 mg), t-butyldimethylchlorosilane(633 mg • 1.2 

equivalents) and imidazole (581 mg = 2.5 equiv.) in 

dimethylformamide (2 ml) was stirred for 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-ge1 co1umn using methy~ene chloride-

ethyl ether 

and pumping 

of a white 

Nmr (CC14 ) 

(3:1) as eluent. Evaporation of the solvent 

overnight under high vacuum gave 730 mg (61 %) 

oil. 1 

: 5 0.37 (s, GH, CH3 -Si-CFI3 ) , 1.05 (s, 9H, t-

but yI) , 1.42 (t, J=7 Hz, 3H, CH2-C!b) , 3.6 (s, 

2H, CH2-CsHs), 4.09 (q, J=7 Hz, 2H, Ctl2-CH3), 

6.5 ~road, 1H, NH), 7.1 (s, lH, C=CH) , 7.27 

ppm (s, SH, pheny1) 

Ir (CHC1 3 ) :3430, 3000, 1695 (ester and amide), 1521, 137Q, 

1~0' 1140 
Mass spectrum (70eV): 

Ana1ysis cou not be 

was contaminated. 

cm -1 

performed because the chlorosilane 
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preparation of trityl 3-ethoxy-2-phenylacetamidoacrylate 

, 

(129) 

3-Ethoxy-2-phenylacetamidoacrylic acid (115) (498 m~) 

was dissolved in dry methy1ene chloride (50 ml) at OoC and 
68 

trityl pyridinium fluorobor~te (130) {860 mg • ~l equiv.~ 

was added with good stirring. The fluoroborate disso1ved 

slowly and a white milky suspension appeared. stirrin~ 

12.9 

was continued for 30 minutes at OOC and the temperature brought 

\ to room temperature. The solution was washed with water ' 

and di lute sodium bicarbonate solution and dried over 

anhyarous sodium sulfate. Evaporation of the solvent gave 

a white solide 
o 

Yield: 860 mg (88 %) /"mp: 159 C 
1 

Nmr (CDe13 ): 5 1.18 (t, J=7 Hz, 3H, CH3), 3.6 (Si 2H, CH2-

C6H5), 3.98 (q, J=7 -Hz, 2H, OCH2), 6.4 (broad, 

lH, NH), 7.23 ppm (~, 2lH, C=Cij and four phenyi) 

Ir (KBr): 3270, 3065-2915, 17~0 (ester), 1670/1660 (C=Ç 
..., 

and amide), 1525, 1460, 1363, 1300, 1230 cm 

Mass spectrum {70eV}: mie =491 (M+) 

Analysis: Calculated for C32H29N04: C, 78.18; H, 5.95; 

N, 2.85, Found: C, 78.26; H, 5.62; N, 3.04 

Preparation of p-methoXvphenaCYl 3-ethoxy-2-phenylac~tamiQg,­

acrylate (131) 

A solution of 3-ethoxy-2-phenylacetamidoacrylic acid 



'e 

-,. 

(115) (2.49 g), p-methoxyphenacy1 bromide (2.19 g) and 

triethy1amine (1.01 g) in dimethy1formamide (20 m1)/ was 

kept in the refrige~ator for 2 days. 

, was added wi th vigorous stirring and 

\ 
Ice ~ater (150 ml) 

the re~~~ing 
precipitate co11ected by filtrati~ and dried in vacuo. 

Recrysta11ization fram ethano1 gave white crysta1s. 
• 0 ~ LI l 

Yield: 3.78 9 (94 %), mp: 115-116 C .. --. ' 
"", 

Nmr (CDC1 3): 8 1.3 Ct, J=7 Hz, 3R, CH 3), 3.63 (s, 2H, q[2-

'" , 

CsHs), 3.84 (s, 3H, OCH3), 4.05 (g, J=7 Hz, ~H; 

C!!.2-cH 3), 5 .27 (s~ 2H, COOCHz), t? .63 (broa.!', 

IH, NH) 1 7.25 (s, 5H, fphéilyl), 7.4 (s, IHI C=-CH), 

6.77, 6.92, 7.72 an ~7.87 ppm (èac~ s, 4â, 
p-methoxypheny1) 1 -' ,--- .~-- J' 

. Ir (KBr): 3270, 3200, 3080-2948, 1725 (ketone), 1700 
! 

(ester), 1668 (amide and C=C), 1610, i54&, 

1433, 1385, 1309, 1270, 1252, 1230 cm-1 

Ana1ysis: Ca1cu1ated for" C22H23NOs: C, 66.49: H, 5.83: 

N, 3.S2 r Found: C, 66.897 H, 6.09, N, 3.74 
" 

.-

• 
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EXPERIMENTAL - ~PTER IV 

1 o 
~reparation of benzyl 2",:,phj;.halimido-3.-hydroxvacrylate (135a) 

'!'he procedure of Sheehan and JOhnson48 was fo1~awed, 
't, 

and the pale yellow Sol id was recrystal1ized from ethano1~ 
- " 

water (1 :1) • 

Yie1d: 42 %, mp: 149j1500C (lit~8 153-154 oC) 

Nmr (DMSG-de): a 5.1 (s, 2H, CH2), 7.23 (s, 5H, phenyl), 

7.77 (s, 411:' phthalimido), 7.9 (s, lH, C=CH), 

Il.6 ppm (broad, 1H, œ) 

Ir (KBr): 3?40, 1800/1730 (phthalimido) 1 1730 (ester),. 

1680 (C=C) , 1620, 1595, 1512, 1440 cm-1 
• 

"', ' , 

preparation'of benzyl 2-benzamido-3-hydroxyacrylate (136a) 

~ 

4-Hydroxymethy1ene-2-phenyl-5-oxazolone (104) (9.5 g) 

was suspended o~ dry benzene '(~OO ml) and benzy1 alcohol 

(6 g = 1.1 equiv.) was addèd. The mixture was ref1uxed 

for 6 hours·, coo1ed and the c1ear red solution evaporated. 

The residue was col1ected by f~1tration and recrysta11ized 
- ,) .. 0 

-~rom petro1eum ether (60-80 Cl. Treatment of the produçt 
~ 

with charcoa1 gave pale yel10w crysta1s. 
1 

Yieldi 10.7 g (72 %), mp: 112-ll3
0
C'(lit.

72 l12-l130C~ 

Nrnr· (cncI 3 ): 8 5.25 (s, 2H, CH2), 7.4 (s, 5H, CH2 -Ce!Js) , 

7.35-8.0 (m, 6H, O=C-Ceftsand C=CH), 8.4 (broa9, 

o 

1 
/ 

( 
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1H, NB), 12.3 ppm (d, LH, OH) 

Ir (KBr): 3352 (OH), 1705 (ester), 1665 (amide and C=C) 

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

? • 
Preparat;on of p-nitrobenzvl 2-benzgmido-3-hydroxyacrylate 

Cl37a) 

This white crysta11ine 'compound was prepared in ~he 

same way as (l~a) from (104) and p-nitrobenzy1 alcohol, 

and recrysta11ized frorn benzene. 

Yie1d: 82 %, rnp: ISO-151°C 

Nmr (DMSo-de): 85.3 (s, 2H, CH2), 7.25-8.34 (m, 11H, CeHs, 

CeH4 , NH and C=CH), 9.1 ppm (s, 1H, OH) 
/ 

Ir (KBr): 3385, 3105, 1715 (ester), 1670 (amide and C=C), 

\. 

Ana1ysis: 

1618, 1544, 1453, 1392, 1350, 1108 cm-1 

Calcu1ated for C17H14N206: C, 59.65; H, 4.12; 

N, 8.18, Found: C, 59.64: H, 4.26; N, 8.31 

preparation of benzyl 2-phthalirnido-3-hydrQxyac;y1ate 

thallium salt (135b) 

'. 

Benz~l 2-phthalimido~3-hydroxyacrylate(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 coo1ed 
o to 0 C. The pale yellow crystals_were co11ected by fi1t-

ration and dried in vacuo. 
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Yie1d: 5 9 (95 %), mp: 200-201 C (decomp.) 

Nmr (DMSo-ds ): Ô 5.1 (s, 2H, CH 2), 7.38 (s, 5H, pheny1), 

7.94 (s, 4H, phtha1imido), 9.2 ppm (s, 1H, ,C=-CH) 

Ir (KBr): 3470, 1790/1725 (phtha1imido), 1725 (ester), 

1662 (C=C), 1522, 1450, 1410, 1360, 1100 cm 
-1 

Ana1ysis: ca1,u1ated for C1sH22NOsT1: C, 41.01: H, 2.281 

N, 2.66, Pound: C, 40.981 H, 2.191 N, 2.67 

pr~paration of benzy1 2-benzamido-3-hydrgxyacrylate sodium 

salt (l36b) 

Benzy1 2-be amido-3-hydroxyacry1ate (136a) (16.24 g) 

was (10 ml) and an ethano1ic solution 

of sodium .,thoxide {1.:15 9 f sodium} was added wi th . ~ 

, 1 

vigorous stirring. The suspension'dissolved immediate1y 

qnd the SOdi~ precipitated: Ethy1 ether (100 ml) 

was added and the white salt col1ected by filtration, 

washed with ethy,l ethèr and dried in vacuo. 
o Yie1d: 14.66 9 (91 %), rnij: 213-215 C (decamp.) 

, ~ 

Nrnr (DMSo-ds): B'5 .û3· ('S, 2H, CH2), 17.3 (s, 5H, PH 2CS a's) 

7.25-8.0 (m, SH" ():::C-CsHs), 8.95 (s, IH, 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, 
-1 J..l10 cm 
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Analysis: Calcu1ated for C11H14N04Na: C, 63.95; H, 4.397 

N, 4.39, Found: C, 63.421 H,,4.151 N, 4.51 ~ 

Preparaion of p-nitrobenzy1,2-benzarnido-3-hydroxxacry1ate 

s'odium salt (J,37b) 

This ye110w powder was p\ared in th~ sarne 

(13Gb) fram (137a). \ 

Yie1d: 94 %, mp: 206-20SoC 

way as 

N~ (DMSo-de): Ô 5.3 (s, 2H, ~2)' 7.46-S.47 (m, 9H, phe~ 

and p-nitropheny1), 8.G3 (broad, lH, NH), 9.2 

ppm (s, IH, C=CH) 

Ir (KEr): 3264 (salt), 1670, 1665, 1633, 1590, 1548, 1385, 

1368, 1335, 1390, 1175, 1120 cm -1 

Ana1ysis: Calculated for C,17H13N20eNa: C, 56.05; H, 3.57; 

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

Pre 2' -4 1
-

oxylac;ylate (138) 

The thallium, salt (135a) (8 9 ~ 1.5 equiv.) was suspen­

ded in a solution of ~e thiazo1idine mesylate (50) (3.11 g) 

in 2-butanone (100 ml) Anf the mixture refluxed for 6 hours. 

The salt was filtered -clff and the fil.trate evaporated in 

vacuo. The residue was passed through a si1ica gel column 

• 
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using rnethylene chlorid~-ethyl ether (5:1) as eluent • 
Il 

Evàporation of the solvent gave a white foaply solia. 

Yield: 5.26 9 (98 %), rnp: 51-52°C 

~rnr (CDC1 3): 5 1.28, 1.37 (each s, 6H, a~etonide),' i~25, , 

2.35 (each s, 3H, N-CH3), 2.8-3.12 (m, 4H, 

N-CH-S), 5.1 (s, 2H, CH2), 7.23 (s, 5H, CH2-C6tlS), 

7.52-8.0 ppm (m, 5H, phthalimido and C=CH) 

Ir (CH01 3 ):1800/l730 (phthalimido), 1730 (ester), 1665 (C=C), 

. 1 1476, 1430, 1392, 1380, 1295, 1160, 1100 cm-1 
, 

Mass ~pectrum (70eV): mie • 538 (M+) 

N, 5.20: S, 5.94. Found: C, 62.59r -,H, 5.51r 
1 

N, 5.'40: S, 6.02 

preparat~on of benzyl 2-benzarnido-3-«(2',2'-dimethyl-4'­
! 

(3 "-methYlthiazolidine-2 "-yI) .!l' , 3 '-dioxolan-4'-Y1)methVl) 

oxy)acrylate (139) 

This white foarny compound was prepared in the sarne 

wayas (138) from (136b) and (50). 

Yie1d: 96 % 

Nmr (CDC1 3 ): 8 1.28, 1.37 (each s, 6H, acetonide), 2.27, 

2.35 (each s, 3H, N-CH3), 2.8-3.8 (m, 4H, 

N-CH2-CH2-S), 3.69-4.52 (m, 5H, two OCH2 

andN-CH-S), 5.25 ,~s, 2H, C!!.2-CsH5), 7.43 

(s, 5H, CH2-Csljs), 7.43-8.05 ppm (m, 7H, 

,. 
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O=C-CsH5 , NB, and C==eH} 

Ir (CHC1 3 ) :3448, 3018-2820, 1722 (ester)', 1690 (amide), 

1675 (C=C), 1515, 1495, 1394, 1382, 1300 cm-1 

Mass spectrum (70eV): mie = 512 (M+) 

Ana1ysis: Ca1cu1ated for C27H32N20SS: C,63.27: H, 6.297 

N, 5.477 S, 6.24, Found: C, 62.991 H, 6.337 

N, 5.761 S, 6.45 

( 

PrepAfation of p-nitrobenzy1 2-benzamido-3-(((2I,2'-

dimethv1-4'-(3"-methylthiazolidine-2"-y1)-l',3 1-dioxo1an-
i 

4'-y1)methY11 oxylacry1ate {1401 

This pale ye110w foamy compound was prepared in the 
, 

sarne way as (138) from (137b) and (50). 

Yie1d: 93 %, mp: 48-49°C 
\ . 

Nmr (CDC13): ô 1.33, 1.43 (each S, 6H, acetonide), 2.27, 

2.35 (each s, 3H, N-CH3), 2.76-3.1 (m, 4H, N-cH2-

CH 2-S), 3.67-4.42 (m, 5H, two OCH2 and N-cH-S), 

5.25 (s, 2H, C~-C6H4), 7.18-8.23 ppm (11H, pheny1, 

p-nitropheny1, NH and C=CH) 

Ir (CHC1 3 ):3440, 2960,1725 (ester), 1685 (amide and C=C), 

1615, 1590, 1541, 1493, 1390, 1380, 1300,crn -1 

Mass spectrum (70eV): mie =557 (M+) 

Ana1ysis: Ca1cu1ated for C27H31 N30SS: C, 58.16; H, 5.60; 
'$ 

N, 7.54: S, 5.74, Found: C, 57.81; H, 5.87; 

N, 7.43; S, 5.60 
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Preparation of benzyl 2-phtha1imido-3-({(4'-formYl-2',2'­

dimethyl-1',3'-dioxolan-4'-y11methv11oxylacrylate (141) 

from (138) 

The thiazo1idine ester (138) (2.15 g) was dissolved 

in tetrahydrofuran-water (4:1) ~O ml) and mercuric 

ch10ride (1.2 g) was added\ The irnmediate1y forrned mi1ky 

suspension was brought to re~ux and stirred for 1 hour. 

The fine suspension was filtered off and the fi1trate 

evaporated. The residue was extracted three times with 

benzene and the cornbined extracts,' were washed with di1ute 

hydrochloric ~cid and water, dried over anhydrous sodium 

sulfate, fi1tered and evaporated in vacuo. The crude , ~ 

product was passed through a si1ica gel co1umn using 

methy1ene ch1oride-ethyl ether (5:1) as eluent. 

Evaporation of the solvent gave a white foamy solide 

Yie1d: 1.78 g (96 %), mp: 56-57°C 

Nrnr (CDC1 3 ): 8 1.43 (s, "6H, acetonide), 4.0 (ABq, 2H, J= 

6 Hz, OCH2), 4.22 (s, 2H, OCH2), 5.18 (s, 2H, 

CH2-C6HS), 7.27 (s, 5H, pheny1) , 7.?2 (s, lH, 

C=CH) , 7.64-8.0 (m, 4H, phthalimido) , 9.73 

ppm (s, IH, CHO) ) 
Ir (KBr) : 3480, 3072-2900, 1800/1735 (phthalimido) , 

1735 (ester), 1720 (aldehyde), 1665 (amide 

and C=C), 1430, 1395, 1382, 1290, 1100 cm-1 

+ Mass spectrum (70eV): mie = 465 CM) 
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N, 3.01, Found: 

, '. 

C, 64.341 H, 5.01, N, 3.25 .. 

prepara~i2D of benzy1 2-benzamido-3-(((4'-fo;my1-2',2'­

dimethy1-1',3'-dioxo1an-4'-y1)methy1)9XY)acry1ate (142) 

from Q.39) 

This white foamy compound was prepared in the same 

way as (141) from (139). 

Yield: 75 % 

Nmr (CDC1 3): B 1.43 (s, 6H, acetonide), 4.0-4.34 (m, 4H, 

two OCH2), 5.23 (s, 2H, C!!2-CaHs), 7.34 

(s, SH, CH2-C6~S) 1 7.25-8.0 (m, 7H, O=C-C6HS, 

NH and C=CH), 9.l.? ppm (s, 1H, CHO) 
~ . 

Ir (CHCI3) :3425, 3000-2942, 1720 (broad, est~r and CHO), 

1680 (amide and C=C), 1510, 1495, 1~,9S, 1382, 

1300, 1150, 1100 cm-1 

Mass spectrum (70eV): mie = 439 (M+) 

Preparation of p-nitrobenzv1 2-benzamido-3-(((4'-formy1-
( 

2~,2'-dimethYl-1',3'-dioxo1an-41-Y1)methyl)oxy)acrylafe 
(143) from (140) s--

This yel10w foamy compound was prepared in the sarne 

way as (141) from (140). 

Yield: 72 %, mp: 57-58
0 
C 

." 
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Nmr (CDC1 3 ): 8,1.42 (s, 6H, acetonide), 3.83-4.3 (m,4H, 
, 

two OCH2), 5.25 (s, 2H,,- C[2-CeH4), "7.18-

8.13 (m, 11H, pheny1, p~~itropheny1, NH and 

C=CH), 9.64 ppm (s, 1H, CHO) 

Ir (CHC1 3 ) :3400, 1715 (ester), 1705 (aldehyde), 1660 
t 

(amide and c=C), 1600, 1464, 1370, 1343, 

1280, 1140, 1085 cm 
-1 

Mass spectrum (70eV): mie = 484 (M+). 

Analysis: Ca1cu1ated for C 24H24N209: C, 59.50: H, 4.99: 

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

preparation of a-phthalimido-2. 2-dimethv1-1, 3. 7-trioxa-9-

aza (spirol ,[4.51 dec-9-ene-8-acetic acid benzy1 ester 
5 ; :> 

(146) from (141) 

The a1dehyde ester (141) (1.16 g) was disso1ved in 1 

dry te'trahydrofuran (5 ml) and 1.1 equiva1ents t.of anunonia 

solution in tetrahydrofuran was added. The mixture was 

kept overnight at room,ternperature, dried over anhydrous 

sodium sulfate, fi1tered and evaporated in vacuo. The 

residue was passed thro~gh a si1ica gel co1urnn using 

methy1ene chloride-ethyl ether (5:1) as eluent .. . " 
Evaporation of the solvent gave a white sol id. 

o 
Yie1d: 1.1 g (94 %), mp: 66-68 C 

Nmr (CDC1 3 ): ô 1.42 (s, 6It" acetonide), 3.77-4.13 (m, 

4H, two OCH2), 5.0 (d, 1H, N-CH-COO), 5.38 
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(s, 2H, C:[2-CeH5), 5.74-5.98 (m, 1H,'N-cH-O), 

7.38 (s, 5H, pheny1), 7~82 (d, 1H, N=CH), 

7.99 pprn (s, 4H, phthalirnido) 

" Ir (KBr): 3500, 2995-2880, 1800/1730 (phthalirnido)., 1760 

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

1220, 1100 cm 
-1 

Mass spectrum (70eV): mie = 464 (M+) 

N, 6.03, Found: C, 64.431 H, 5.31; N, 6.18 

Preparation of a-benzarnido-2,2-dimethyl-l,3,7-trioxa-9-, 

aza (sp!ro) 14,5] dec-9-ene-S-acetic acid benzy1 ester 

(147) from (142) 

This wh! te foamy compound was prepared in the same 

way as (146) from (142). 

Yie1d: 92 % 

Nrnr (CDC13): 8 1.38 (s, 6H, acetonide), 3.4-4.15 (m, 

5H, two OCH2 and N-cH-COO), 5.25 (s, 2H, 

CH2-CeH5), 5.43 (m, 1H, N-cH-O), 7.43 (s, 

5H, CH2-CeUS), 7.33-7.98 ppm (m, 7H, NH, 

O=C-CsHs and N=CH) 

Ir (CHC1 3 ) :3450, 3000-2885, 1755! {ester), 1675 (amide 

and C=N), lS~8, 1470, 1395, 1383, 1180 cm~ , 

Mass spectrum (70eV): mie = 438 (M+) 
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Analysis: Ca1cu1ated for C24H26N20e: C, 65.741 H, 5.9al 

N, 6.39, Found: C, 65.821 H, 6.041 H, 6.51 

preparation of a-benzamido-2,2-dimethy1-1,3,7-trioxa-9-

aza (spiro) [4,5] dec-9-ene-8-acetic acid p-nitrobenzy1 
! 

ester (148) from (143) 

" \ 

This pale ye110w solid was prepared in the same way 

as (146) from (143) .• 

Yield: 91 %, o mp: 63-64 C 

Nrnr (CDC1 3): 8 1.33, 1.39 ,(each s, 6H, acetonide), 3.34-

4.23 (m, 5H, two OCH2 and N-CH-COO), 5.28, 

(s, 2H, C~-C6H4), 5.34-5.45 (m, 1H, N-cH-O), 

7.05 ~road , 1H, NH), 7.37-8.18 pprn (m, 10H, 

phenyl, p-nitropheny1 and N=CH) 

Ir (CHC13) :3460, 1750 (ester), 1695 (amiq~), 1630 (CaN), 

1548, 1~95, 1366, 1310, 1158, 11~~ 

Mass spectrum (70eV): mie = 483 (M+) 

1 
N, 8.69. Found: C, 59.26; H, 5.47; N, 8.90 

The Hydrogeno1Ysis product ok the imine ester (1461 

-~ The imine ester (146) (464 mg) was' disso1ved in 

ab-so1ute ethanol (20 ml) and an excess arnount of palladium 

on charcoa1 (10 %) was added. The hydrogenolysis was J 
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performed under 1 atm at room temperature for 2 hours • 

The solid was filtered off and the filtrate evaporated 

to dryness in vacuo. The white solid was wasbed several 

times with benzene and dried in vacuo. 
o 

Yield: 300 mg (91 %), mp: 72-73 C 

Nmr/{CDC1 3 ): [j 1.32, 1.37 (each s, 6H, ,acetonide), 2.94-

" 4.03 (broad m, 8H, two NCH2 , bwo OCH2), 7.6 ppm 

(s, phthalimido) 1 , 
Ir (KBr): 3450, 1795/1730 (phthalirnido), 1650 (C=N), 

1413, 1385, 1225, 1100, 1065 cm-1 

ass spectrum (70eV): m/e-330 (M+) 

preparation of ethYl isonitrile 

The procedure of Jackson and MCKUsick 74 was fo11owed-

1 and the fraction boi1ing at 76-79 0C '(1it/4 77-79
0

C) was 

co11ected. 

Yie1d: 41 % 

Nmr (CDC1 3): Ô 1.2-1.53 (m, 3H, CH 3 ), 3.2-3.65 ppm (m, 

2H, CH2) 

Ir (CC1 4 ): 3010, 2170 (NEC), 1480, 1466, 1395, 1360, 

1100 cm-1 
/ 
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EXPERIMENTAL - CHAPl'ER V 

• 
preparation 0' 4-hydroxymethyl~n,-2-phenyl-5-oxazolone 
sodium §a1t (156) 

This white powder was prepared in the same way as 
• 0 

(136b) from (104) an~ sodium ethoxide, and recrysta11ized 

from ethano1-dioxane (1:3). 

Yie1d: 92 %, mp:-298-300oC (decomp.) 
'1-"" ~_ r • r '" - l' JI' 

Nmr (DMSO-d e): 6 7.5-8.13 ,(m, 5H, pheny1), 

9.07 ppm (s, l-H,- C=CH) 

Ir. (KBr): 3460 (broad) 1 3070-2865, 1735, 1705, 1652, 1640, 

1595, 1580, 1460, 1372, 1340, 1240 cm-1 

Ci 

Ana1ysis: Calcu1ated for Cl0 HeN03Na: C.I 56.88; H, 2.86; 

N, 6.63. ~ Found: C, 56.67; H, 3.11; N, 6.92 

Preparation of 4- « «2 1
« 2 l-dimethyl-4 1 -(3"-methy1thiazol­

idine-2"-yl)-1',3'-dioxo1an-4'-y1)metby1)oxx)methy1ene)-

2-phenyl-5-oxazo1one (157) • 

" The---godium s-a1t (156) (3.17 9 = 1.5 equiv.) was 

suspended in a solution of the thiazolidine mesy1ate à50) 

(3.11 g) in 2-butanone (100 ml) and refluxed for 8 hours 

at 100°C." The salt rwas· filtered off and the fi1trate 

evaporated. The residue was disso1ved in ethy1 ether 

(50 ml), treated with charcoa1, fi1tered and the filtrate 

evaporated. The yellOw rësidue.was passed through a si1ica 
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. , , 

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

e1uent. 

foam. 

Evaporation of the sOlvent gave, a pale ye110W 

Yield: 3.80 9 (94'%} ') 

, 
Nrnr (CDC1'3): 5 1.48 (s, 6H, acetonide), 2.38, 2.52 (each s, 

3H, N-CH3), 2.8-3.32 (m, 4H, N-cH2-cH2-S), 3.9-

4.65 (m, SH, two OCH2 and N-CH-S),' 7.42-8.24 

~ ppm (m, 6H, pheny1 and C=CH) 0 

Ir (CC14 ): 3010-2822, 1800 (oxazolone), 1680 (C=C), 1456, 

1395, 138S, 1338, 1,310, 1262, 1228 cm-1 

Mass spectrum (70eV)': mie = 404 (M+) 

, 
N, 6.93; S, 7.91. Found: C, 59.12; H, 6.14r 

N, 6.90; S, 7.74 

preparation Qf B ,B,8-trich~oroethy1 2-benzamido-3-hydroxy­

acry1ate (160al 

4-Hydroxymethy1ene-2-pheny1-S-oxazolone (104) (9.45 g) 

was suspended on dry benzene (500 ml) and f3,f3 ,tJ-trichloro­

ethano1 (7.5 g) was aqded. The suspension was stirred under 

reflux for 6 hours and the clear solution evaporated. The 

oily residue was triturated with petro1eum ether (30-60 o
e) 

and kept overnight in the re~rigerator. The red solid was 

co1lected by filtration and recrystal1ize~ from petroleum 

ether (60-80 DC). Treatment with charcoal gave white needles • 
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Yield: 13.7 9 (81 %), mp: 97-98 C 

Nmr (CDC1 3 ): 84.98 (s, 2H, CH2-CC13), 7.57-8.1'5 ('fi,6H,' 

pheny1 and .C=CH), 9.6 (broad, 1H, NH), 12.7 

pprn (broad, lH, OH) 

Ir (KBr):. 3380,' 1725 (ester), 1665 (amide and C=C), 1615, 

1?54, 1505, 1463, 1390, 1357, ~25, 1312, 1280, 

1268, 1240, 1162, 1115 cm-1 

Ana1ysis: Ca1cu1ated foll' C12 H10 N04C1a: C, 42.57: H, 2.98: 

N, 4.14; Cl, 31.61. Found: C, 42.83:' H,' 2.74 

.... N, 4~27i Cl, 31.29 

preparatio9 of B.8.B-»richboroethy1 2-phèijYlacetamido-

3-hydroxyac;Ylate (161al , 
, . 

This pale yelloW c~ysta1 was prepared in the same way 

- as- -(:!-GOa) from (116) and ~,~,,9-trichloroethanol, and 

~~--~ecrysta11ized from cyc1ohexane. f 

• ~ 0 
1 Y~e1d: 75 '10, rnp: 74-75 C 

Nmr (CDCI3): 8 3.73 (s, 2H, CH 2-C 6Hs ), 4~74 (s, 2H, CH2-

CCI3), 7.33 (s, SH, phenyl), 7.37 (s, IH, C=CH), 
" 

7.55 (broad, IH, NH), 12.21 ppm (broad, 1H, OH) 

Ir (KBr): 3300 (OH), 1730 (ester), 1670 (amide and C=C), 
" 

1572, 1341, 1290, 1231, 1125 cm-1 

, 
Ana1ysis: Ca1culated for e13 H12 N04~13: 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 8« tJ,~-trichloroethyl, ,,2-benzamido-3-hydroxy-
" ,; 

acry1Ate sodium salt (160b) from (160a) 

~/~,~-trich1oroethy1 2-benzamidQ-3-hydroxyacrylate 

f160a) (4.06 g = 1.2 m mole) was suspended on absolute 

ethanol (5 ml) and an ethanolic solution of sodium ethoxide 

(230 mg 9f sodium in 10 ml of ethanol) was aqded. The 

mixture was shaken for·, 10 minutes and ethyl ether (50 ml~ ~ 

-
,~dded. The precipitated sodium salt was collected by 

filtration, washed several times with ethyl ether and 

dried in vacuo. 

Yield: 3.4 g (95 %),'mp: 200-202°C (decomp.) 

Nmr (DMSO-d e): 1) 4.74 (s, 2H, CH2-CC13), 7.2?-8.l7 (m, 

SH, phen~l), 8.27 (broad, 1H, NH), 9.12 pprn 

(El 1 IH, C=eH) 
\ . 

Ir (KBr): 33bo (broad, salt), 3070, 2960, 1675, 1640, 

1592, 1540, 1500, 1373, 1287, 1160 cm -1 

AnalY1?is: Calculated for C12 H 9 N04C13Na: C, 39.971 

H, 2.52; N, 3.,89; Cl, 29.50, Found: C, 39.90 

JI. 
H, 2.63; N, 4.13; Cl, ~9.74 

Preparation of ~ ttP-trichloroethy1 2-phenylacetamido-

3-hydroxyacrylate sodium salt (16lb) from (16la) 
,) 

This white salt was prepared in the same way as 

(160b) from (161a) and sodium ethoxide. 

\ 

---- -
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Yie1d: 93 % based on sodium, mp: 92-93
0
C (decomp.) 

-~ 

Nmr (D 20): 8 3.49 (s, 2H, Cg2-CeHs, 4.43 (s, 2H, CH2-CC13), 
,,-

1 
7.14 (s, 5H, pheny1), 8.58 ppm (s, 1H, C=CH), -NH 

., 

was exchanged with D20. 
,-

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

l376, 1290, 1125 cm -1 

Analysis :Calculated for C13 H11 N04C13Na: C, 41.6,8; H, 2.96; 

N, 3.74iCl, 28.39 , Found: C, 41.74: H, 3.18: 

N, 3.42; Cl, 28.06 

,<-, 

Preparation of 8,p,8-trichloroethyl 2-benzarnido-3-(((2', 

2 '-dimethy1-4' -(3 "-methylthiazolidine-2 "-yI) -l' «3 • -dioxo1an-

4 1 -yl1methyl1oxy)acrylate (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
0 
C (bath temper ature) 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« , 
, 

Evaporation of the solvent gave a pale ye110w foam. 

Yield: 5.21 g (94 %) 

Nmr (CDC13): 8 1.33, 1.42 (each s, 6H, açetonide), 2.37 

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

/ 
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CH2-CH2-S), 3.B4-4.54 (m, 5H, two OCH2 and 
'il 

N-CH-S), 4.B7 (s, 2H, CH 2-CC13), 7.33-B.0 ppm 

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

Ir (CCI4): 2990-2800, 1730 (ester), 1698 (amide), 1660 

(C=C), 1503, 1480, 13B1, 1369, 1210 cm-1 

Mass spectrum (70eV); mie = 554 (M+) 

Analysis: Ca1cu1ated for C22H27N2~'eSClJ: 2' C, 47.71, H,4.911 
ft 

N, 5.061 S, 5.79r Cl, 19.-20. Found: C, 47.99: 
( 

H} 5.101 N, 5.2.6.: s, 5.50; Cl, 19.41 

preparation of {J, tttl=tri~h19roethYl 2-phenY1acetamido .... 

3- idine-2 11
- 1 -l' 3'-

This fo~y compound was prepared in the same way as 

(158) from (50) and (161b). 

Yie1d: 93 % 

Nmr (CDC13): S 1.27-1.50 (m, 6H, acetonide), 2.2B, 2.35 

(each s, 3H, NCH3), 2.78-3.11 (m, 4H, N-CH2-cH2-

S), 3.63 (s, 2H, C!!2-CsHs)., 3.8-4.27 (m, 5H, two 

OCH2 and N-CH-S), 4.75 (s,.2H, CH2-CC13), 6.9 

(broad, IH, NH), 7.3 (s, 5H, Pheny1), 7.53 ppm 

(s, 1H, C=CH) 
. 

Ir (CCI4): 3433, 3010-I~O, 1735 (ester), 1700 (amide), 

1664 (C=C), 1500, 1460, 1390, 1380, 1285' cm-1 

Mass spectrurn (70eV): mie = 568 (M+) .. 

, 

/' 

'0 

! 
1 
1 
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Analysis: Ca1culated for C23H29N20eSC13: C, 49.64: H, 5.15: 
, 
~ # ~ N, 4.93; S, 5.63; Cl, 18.73. Found: C, ~8.97: 

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

preparation of- B,B,p-trichlor~~yl 2-benzamid~-3-(((41-. . 
formyl-21,21-dimethy~-1',31~dioxolan-4t-Yl)methyl)oxyl 

acrylate (163) from (158) 

A solution of the thiazolidine ester (158) (1.11 g) 

in acetonitrile~ater (4:1) (20 ml) was added ~opwise 

to a solution of mercuric chloride {O.G g} in the sarne 

solvent (10 ml) under nitrogen and the milky suspension 

stirred at 50°C for 3 h4urs. The suspension was fi1tered 

and the filtrate evaporated. The residue was extracted 

three tirnes wi th benzene and the combined extraC!ts were 

washed with dilute hydrochloric acid and water, dried .. 
over anhydrous sodium sulfate, fi1tered and evaporated 

in vacuo. The residue was further purified by passing 

thrôugh a silica gel column. u~g methylene chl~ride-
\ 

ethy1 ether (1:1) as eluent. Evaporation of the 

solvent gave a white foarny solide 

Yield: 0.83 g (86 %) 

Nrnr (CDC13 ): ô 1.39, 1.44 (each s, 6H, acetonide), 3.88-

4.31 (m, 4H, two OCH2)., 4.83 (s, 2H, CH2-CCLJ), . 
7.24-8.0 (m, 7H, phenyl, NH and C=CH)I 9.72 ppm 

(s, lH, CHO) 

1 
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Ir (CC14): 3430, 2990-2790, 1730 (ester), 1710 (a1dehyde), 

Mass 

1686 (amide), 1665 (C=C) , 1480, r 
1285, 1230, 1100, 1061 cm-1 

+ spectrum (JO eV): mie = 481 (M ) 

1381, 1372, 
III 

Ana1ysis: Ca1culated for Cf 9 H20N07C13: C, 47.471 H, ~.19 7 

N, 2.907 Cl, 22.12, Found: C, 47.20: H, 4.26; 

N, 3.157 Cl, 21.98 

preparation of B,p,#-trichloroethyl 2-pbeny1acetamido-

3-«(4'-forrnyl-2',2'-dimethYl-l',3'-dioxo1an-~'-y1)methy1) 

oxylacrylate (164) fram (162) 

This white foamy solid was prepared in the sarne way 

as (163) from (162). 

Yie1d: 68 % 

Nrnr (CDCI3): 8 1.47 (s, 6H, acetonide), 3.6 (s, 2H, q[2-
.) 

CeHs ), 3.78-4.21 (m, 4H, two OCH2), 4.67 

(s, 2H, CH. -CC13) , 7.18 Cbro1d, l H, NH), 7.23 

(s, 5H, pheny1), 7.42 (s, IH/, C=CH), 

9.67 ppm (s, 1H, CHO) 1 
Ir (CC1 4): 3430, 3040-2960, 1740 (est~r), 1700 (broad, 

a1dehyde and \amide), 1665 (~)' 1501, 1386, 
-1 1378, 1285, 1225, 1165, 1118 1060 cm 

+ ' 
Mass spectrurn (70 eV): mie = 494 (M) \\ 

\ 

Ana1ysis: Ca1cu1ated for C2oH22N07C13: C 48.551 H, 4.48: 

N, 2,.83. Found: C, 48.86: 3.01 
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PrgpaEWon of 2-Qenzamido-3- ( «(2' , ~. -dimethyl-4' - (3"­

methyltbiazolidine-2"-yll-l',3'-dioxolan-4'-Yllmethyll _. 
oxy)acrylic acid (14~1 frOID (158) 

The thiazolidine ester (158) (554 mg) was dissolved 

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

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

hours at room temperature and filtered. The filtrate wa$ 

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

with ethy1 acetate. The combined extracts were dried over 

arihydrous sodium sulfate, filtered and evaporated in vacuo. 

The residue was passed through a silica gel colurnn, first 

eluting'with methylen~ ch1oride-ethyl ether {l:l} to remove 
,/ 

any ne?tral compounds and then with methanol. The me~o1 

solution w~s evaporated in vacuo and the residue was disso1ved 

in ethyl ether and filtered. Evaporation of ethy1 e 

gave a white solid. \ 

Yield: 295 mg (70%), mp: 67~90C 

Nrnr (CDC13): 8 1.43 (s, 6H, acetonide), 2~23-2.49 (m, 3H, 

HN+-q[3), 2.68-3.17 (m, 4H, N-cH2-cH2-S), 3.67-.... 

4.48 (m, 5H, two OCH2 and N-cH-S), 7.23-8.0 

(m, 7H, phenyi, NH and C=CH), 8.5 ppm (broad, , 

lH, N:+"H) 
} 

Ir (KBr): 345 ~road), 3018-2780, 1720 (acid), 1678 

( ide), 1646 (C=C) , 1548, 1500, 1395, 1385, 

280, 1230, 1162, 1070 cm -1 
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Mass spectrum (70 eV) : mie = 422 (M+) 

Ana1ysis: Calculated for C2oH26N206S: 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 preparation of 2-benzamido-3-C(41-formyl-21,21-, 

dimethyl-l',31-dioxo1an-41-yl)metbyl)oxy)acry1ic acid (89) 

fram (163) 

The aldehyde ester (163) (482 mg) and zinc dust were 

stirred in 90 % aqueous acetic acid (5 ml) for 2 hours at 

Ooc. Ethyl acetate (20 ml) was added and the solid filtered 

off. The filtrate was washed with dilute hydrochloric acid 

and w~ter, dried over anhydrous sodium sulfate and 'fi1tered. 

Evaporation of the solvent gave a white solide 

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-1' 

Analysis: Calculated for C17H19NOn C, 58.451 H, 5.48; 

N, 4.01, Found: C, 57.99: H, 5.33: N, 3.94 
, 

The nmr and mass spectra cou1d not be interpreted • . 

\ 

't 

'. 
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Preparation of a-benzamido-2,2-dimethyl-l,3,7-trioxa-9-
; 

aza (spiro) [4,5] dec-9-ene-8-acetic acid B,8,p-trichloro-

ethyl ester (165) from (163) 

A solution of the a1dehy,e ester (163) (0.4 g) in dry 

tetr~ydrofuran (5 ml) was treated with 1.1 equiva1ents of 
l 

ammonia in dry tetrahydrofuran and the mixture ~ept overnight 

at room temperature. Drying over anhydrous sodium sulfate, 

filtration and evaporation gave a foarny solid, which was 

~ further purified by passing it through a silica gel co1umn 

( using methylene chloride-ethy1 ether (1:1) as eluent. 

Evaporation of the solvent gave a white foarn. 

Yield: 0.36 g (90 %) 

Nmr (CDC1 3 ): S 1.57 (s, 6H, acetonide), 3.6B-4.39 (!!l, 3H, 

OCH2 and N-CH-COO), 4.2 (s, 2H, OCH2), 4.8-

5.0 (m, 2H, CH2-CC13), 5.49 (m, lH, N-CH-O), 

7.0 (broad, lH, NB), 7.28-8.0 ppm (m, 6H, 

pheny1 and N=CH) 

Ir (CC14): 3018-2865, 1770 (ester), 1688 (amide), 1665 

(G=N), 1520, 1490, 1390, 1378, 1226, 1162, 

1100, 1063 crn-1 

Màss spectrum (70 eV) : mie = 480 (M+) 

Ana1ysis: Calcu1ated for C19H21N206C13: C, 47.57; H, 4.41; 

N, 5.84; Cl, 22.17. Found: C, 47.46; H, 4.61; 

~, ~~02: Cl, 22.24 
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preparation of a-pheny1a>etamido-2,2-dimethy1-1,3.7-

trioxa-2-~za (spiro) [4,5] dec-9~e-8-acetic acid 

8.8,ê-trich1oroetbyl ester (166) from (164) 

This ye110w foamy compound was prepared in the same 

way as (165) fram (164). 

;Yield: 91 % 

Nmr (CDC1 3 ): 8 1.42 (s, 6H , apetonide), 3.69 (s, 2H, CH2- ~ 

()CH 2 and N-cH-

CaO), 4.7-4.93 (m, 2H, CH2-CC13), 5.43 (broad, 
1 

1H, N-CH-O), 6.25 (broad, IH, NH), 7.33 ppm 

(6H, pheny1 and N=CH) 

Ir (CC14): 3465, 3005-2895, 1775 (ester), 1690 (amide ,. 
and C=N), 1508, 1390, 1380, 1220, 1100 ~1 

Mass spectrum (70 eV): mie = 493 (M+) 

Analysis: Ca1cu1ated for C2oH2~N206C13: 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 Ooc and 

the solid was,fi1tered off. The filtrate was evaporated 

under high vacumm and the resu1ting solid was washed 

/ 
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several times with petroleum ether (60-80
o

C) and dissolved 
1 

in chloroform (5 ml). Hydrogen sulfide was passed into 
1 

the solution and th~ precipitated zinc sulfide was filtered 

t ° off. To this filtrate, petro1eum ether (60-80 C) (20 ml), 

pH 6 buffer solution (30 ml) and ethyl isonitri1e (0.5 g) 
'-

were added respectively and the two phase mixed with 

vigorous stirring for 12 hours. The two phases were then 

separated and the aqueous layer extracted twice with 

chloroforrn. The combined organic layers \tlere washed wi th 

0.1 N hydrochloric acid, sodium bicarbonate solution and 

water, dried over anhydrous sodium sul-fate and evaporated 

in vacuo. The crude product showed severa1 spots in t.l.c. 

a~d thus purified by thin layer chromatography o~i1ica 

gel plates (10 mm, dimethoxyethane/CC14 = 1/4. Rf = 0.5). 

Yield: 42 mg (5 %) 
• 

Nmr (CDC13): 8 1.2-1.53 (m, 9H, acetonidé and CH3), 

3.74-4.62 (m, 8H, N-CH2,'two OCH2 and two 

N-CH-C=O), 5.83 (broa~ q, J=6 Hz, lH, N-CH-O), 
• 

7.2-8.0 ppm (m, 7H, two of NHC=O and phenyl) 
~ 

Ir (CC14): 3460/3380 (NH), 3000/2960/2900 (CH), I750 
'J 

(lactam), 1685/1675 \ (amide), 1530, 1492, _ ~390, 

1380, 1374, 1300, 1227, 1188 cm-1 

Mass spectrum (70eV): m/e=403 (M+), 345 (403 - acetone), 

303 (345 - N=C=O) , 243 (for the ion (169», 

161 (for the ion (170» 
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preparation ~f t-butyldimethylsikyl 2-benzamido-3-(((2',2'· 

dimethYk-4' - (3 "-methyl thiazo1idine-2 "_y1) -l' « 3 '-dioxolan-

4'-yl}methyl)oxy)acrylate (171) , 
The thiazolidine acid 0(145) (320 mg), t-butyldimethyl";' 

chlorosi1ane (170 mg = 1.5 equivalents) and imidazolé (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 mixture 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 anhydrous sodium sulfate, filtered 

and the sofvent evaporated. The white foam was pumped 

overnight but the chlorosilane cou1d not be comp1etely 

removed. 

Yie1d: 310 mg (80 %) 

Nmr (CC14): 8 0.3 (s, 6H, CH3-Si-CH3)' 0.97 (s, 9H, t-buty1) , 

1.23-1.47 (m, 6H, acetonide), 2.3, 2.35 (each s, 

NCH3 ) , 2.7-3.1 (m, 4H, N-CH2-CH2-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 (CC14): 3400, 3060-2800, 1730-1660 (intense broa~ peaks, 

ester, amide and C=C), 1518, 1486, 1385, 1370, 

1310, 1226, 1145 cm-1 

Mass spectrum (70e~): mie = 536 (M+) 
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preparation of t-butyldimethylsilyl 2-benzamido-3-«( 4'-
t , 

formYl-2 I ,2 1 -dimethyl-l',3'-dioxolan-4'-yl)methyl)oxy) 
; 

acrylate (172) from (17l) 

The thiazolihine' silyl ester (171) (270 mg) was 

dissolved in methylene chloride (5 ml) and the solution 
o cooled to 0 C. ,m-Chloroperbenzoicpacid (220 mg = 2.1 

equivalents, Aldrich, 85 %) was added to this solution 
. 

and the mixture stirred for 5 minutes at this temperature. 

The resultinq _solutjon was diluted with methylene chlo~ide 

(10 ml) and washed with sodium bicarbonate solution and 

water. Drying and--evaporation gave a white foain. 

Yield: 185 mg (79 A %) 

Nmr (CDC1 3 ): 8 0.3 (s, 6H, CH 3 -Si-CH 3 ), 0.95 (s, 9H, 

t-butyl), 1.27-1.57 (m, 6H, acetonide), 

3.43-4.5 (m, 4H, two OCH2), 7.24-7.93 (m, 

l, 7H, phenyl, O=CNH and'C=CH), 9.57 ppm (s, 

IH, CHO) 

Ir (CHC13): 3410, 2950/2850, 1730-1660 (intense broad 

peaks, ester, aldehyde, amide and C=C), 

1520, 1490, 1485, 1385, 1375, 1318, 1155 crn-1 

Mass spectrum (70eV): mie = 463 (.(M+) 

Microanalysis could not be performed because of the 
/ 

contamin~ion with the chlorosilane. 

.. 
1 

1 
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