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THE ASYMMETRIC SYNTHESIS OF e-LACTAMS 

SheiLa MurieZ Tenneson 

Department of Chemistry 
McGill Univers~ty 
Montréal, Canada 

ABSTRACT 

/ 

The total synthesis of the ,biologically active, 'dextro-
" ' 

rotatory enantiomer of 3-methyl-7B-phenylacetamido-à 3-O-2-iso­

ceph~m-4-carboxylic acid was ac~omplished. The key step in­

volved the asymmetric cycloaddition of azidoacetyl chror~de to 

the cinnamylidene Schiff base of protected D-threonine to gen-

erate the desired monocyclic ois a-lactam diastereomer (9:l). 
1 

The absolute configuration of the final product was confirmed by 

comparing its antimicrobial activity with that of the corres­

"ponding racemate 1 • 

The influence of a} the a-chiral center in the startinç ., 
a-amino acid, b} the bulk of the carboxylic acid and c) the dis-

tribution of bulk throughout the imine on the stereochemical 

outcome of the reaction was' studied. The absence of racemi-

zation during the cycloaddition,was demonstrated by the use of 

deuterated precursors. The great potential of O-glucosamine 

derivatives as chiràl templates i~ this reaction was clearly 

illustrated. 
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, LA SYNTHÈSE ASY~TRl:OUÈ DE B-LACTAMES 

Shei ta Murie Z Tenn'e80~ 
1 

Département de chimie 

Université McGill 

Mon:tr~al, Qu~bec 

RÉsuMÉ 

- -- --------\ 

La synthèse totale ~e l'énantiomère dextrogyre biologique­

ment actif de l'acide rné~hyl-3-ph~nylacétamido-7B-O-isocéphème-

2-carboxylique-4 fut réalisée. L'étape principale consiste en' 

la cycloaddition asymétrique du chlorure d'azidoac~tyle sur la" , 

base de Schiff dérivé~'de le cinnamaldéhyde et de la D-thréonine 

prot~gée, ce qui engendra le diastéréoisomère désir~ (9:1) d'une 

S-lactame monocycliqùe ois. La configuration absolue du produit , 

fi~al fut co~firmée par comparaison de son activité antJmicro­

bienne avec celle du mélange rac~~ique correspondant. 

L'influence a) du centre asymétrique en beta de l'acide 

a-aminé de départ, bl de l'encombrement stérique g~néré par le 

groupement protecteur de l'acide carboxylique ainsi que cl de 

'l'enco~ment stérique gén~ral à travers l'imine, sur la stéréo­

chimie de la cyclo,addi tion, fut étudiée. L'absence de r_ë;\c~misa­

tion pendant la réaction de cycIOa~dition fut démontrée par 

l'utilisation de produits de départ deutérés. Le potentiel,évi~ 

dent des dérivés de la O-glucosamine en tant que générateurs 

d'asymétrie dans ce type de réaction fut clairement illustré. 
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MIC 

min. 

ml 

mm 

mmol 

m.p. 

Ms 

n 

nm 

nue 

p 

p 

PCC 

p.e. 

Ph 

Phe 

PNB 

poss. 

ppm 

minimum inhibitory 
concentration 

minute (s) 

milliliter(s) 

millimeter (s) 

millimole(s) 
0 

me'lt~ng point 

methanesulfonyl (mesyl) 

normal ~ 

nanometer(s) 

nucleophile 

para 

quintet 

pyridinium chlorochroma te 

petroleum ether 
(30 0 - 60 0 C) 

phenyl 

phenylalanine 

pal"a-nitrobenzyl 

possible 

parts per million 

'. 

Pr 

p.s.i. 

pyr 

q 

quant. 

R.T. 

8 

s 

sato 

sec. 

Ser 

sh 

t 

tert 

THF 

Thr 

Ts 

unsat. 

U.S.P. 

UV 

---~--- -

'" viii 

1 

propyl-. .' 
pounds per square inch 

pyridine 

quartet 

quantitative 

roqm temperature 

secondary 

singlet .-, 
saturated 

second (s) 

serine 

shoulder 

triplet 

tertiary 

tetrahydrofuran 

threonine 

toluenesulfonyl ( tosyl) 

unsaturated 
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INTRODUCTION 

Those antibiotics which are identified by a 8-!actam 

(2-azetidinone) ring are probably the least texie of aIl the 
.' 

antibaeterial agents 2,3. For this reason 1 these structures 
~ 

have at rrcted the inter est of organie and medicinal chemists 

hout the world. Once it was known that the activity of 

l 

system coùld be enhanced by cer­

tain structural al terations, a great number of analogues were, 

and still are being prepared and examined for biologieal effee­

tiveness 4 • Sorne of this effort has taken place within this 

ehemistry department OVèr the past several years 5- S • 

When the only known members of this family of antibioties 

were the penieillins (! ~nd.!) and cephalosporins {!), the , 

R~H~~ 
o H 

. . 
éOOH 

1 penicillin G ~. cHzPh 

2 penic illin V R. CH10Ph 

3 Cephalosporin f 

1 

! 
l 
! 
l 
1 
$ • 

l 
t 
i 
1 
j 
1 

l 
, 1 

j 

i 
1 
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. ' 
main challenge W4$' to make them available to the general pub-

, " 1 

lie. Since these c,?lDP'l~x molecules ël;-e diffi,cult to ~ynthesize 

econ~ically, i t was the fermentation chemista and the micro­

biologists who firat achieved this goal. They succeeded ex-, 

tremely wel1 9 • penicillin-G (1) and penicillin V (2) are now ,- --
widely available in large quantity, as is the product of N-de­

acylation, 6-amino-penicillanic acid (6-APA, i). With a priee 
"'-, 

r, 

H* ';-t;x Reox 

êoOH 

4 6-APA 
5 

6 

Fig. l 
u 

~)±v 

Ampicillin 

Tiearcillin 

éOOH 

N~o 
'-.Ph -

R.~ 
COOH 

R~A·:·O H s 
~ 

of approximately $50 per kilogram*, the latter provides an 

inexpensive startinq material for more active, semi-synthetie 

penicillins such as Ampicillin (!) and Tiearcillin (!). 

Separation of Cephalosporin C (!) from its ferm~ntation 

, \ 
\ 

*Pr ices quoted are for bulk sales to industry. 

0, 
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(i medium i. difticult 10. The correapondinq N-deacylated 7-amino-' 
, 1 

cephaloàporanic acid (7-ACA, ?h therefore co.t. about twice aa 
, ~ ..... ~ 

1 -
much a. 6-APA to pr9duce. Neverthela •• ; 7-ACA ia Itill the 

H 

CAc 

. ., '-ACA 8 ·Cefotaxime " 

Meo...
N 

R.~ 
. \H

1 
, \ 

! Cefazolin 

" ' 

best atàrtinq mat.~i&l for a cephaloaporin cQntaininq a C-3 

substitut.a methylen., a. in ~efotaxime (!)ll which retain. the 

acetoxy group of-the natural Cepbaloaporin C (!), or •• in 

,-, . .J " J 

• 
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Cefazolin (!)12 in which the acetoxy.group has been repla~ed by 

nucleophilic attackJ Orally active deacetoxy-cephalosporins, 

$uch 9 as Cephalexin <il) 13, éan be produced from penlcillin .G 

(D or V (!) by Morin rearrangement14 of the penicillin sul-
.., ..... 1 

1 Q 

~:: ,~~~q . Ht::t __ __ ... . g ~ --+~~ r. ~ 
4 

COOR1 

10 
Ria CHtPh 

or CHtÔPh l 11 li Cephalexig 

fox ide ester 1!?.. Al though this requir-es six or seven steps 13, , 

the reactions are easy enough to make these compound s" econom-

ically competitive with o~er semi-synthetie ceph~lospor~ns. 
l ' 

'\ 
penicilliné and -cephalosporins 

thirty per cent \Of .. the world market 

each account for about 

for antimicrof>ial agents l s~ 
, \ 

Oespite their hiqher cost, cephalosporins hold a favo~rable 
, 

position because \they tend to be less allerqenic and less 

sensitive to a-lactamases. They have a1so proyided analoques 

with greater activlty against a broader spectrum of l gram-
, 

neqative bacteria. Cefotaxime (!) (fig. Il) is one "example of 

,--::--.... -.. 

--' 
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the newest generation Of cephalosporins. (The same sidè chain 

on the peni<:illin nudleus results in disappointing activ11:ylSc') 

Iso1ation of èhenat~ral cephamycins, 'for example 11, in 

the ear1y 1970's17 showed that the resistance of cephalosporins 

to B-lactamases could be increased substantia11y by the pre-
• 

sence of a 7a-methoxy group. Furthermore; the results from 

11.. Cephamycin Ç, 14 l-Oxacephem 

synthetic pro<]rams at several pharmaceutical J companies have 

shown that replacement of the group at the C-3 position by 

metho~y 18 ... 19 1 chlorine19 or hydroqen 16.t20 ; and/or the sulfur 

by oxygén21 - 21t (giving 1-oxacephem -.!.!) can lead to more active 

compounds. Introduction of several of the se features into one ~ 

~olecule, however, requires considerable effort. 

The first I-bxacephem to be chosen for c1inica1 ttials 
1 

was Moxalactam (l!)?5'·(fig. 1\'.). The'startinq material for 

the synthesis of th!s éompound ia the ine~pensive 'Penici1lin 

G (1), but in order to introduce the ai.. 7a-methoxy (relative to 

the C-6 proton) " a 'tz-an, aecopenicillin 16 must be prepared from ,-

,-

1 
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the epipènicillin ester l!. Once the correct stereoc:hemistry 
-

has,.been. establiahed (.!!), twf!lve additional steps26 (brin9inq 

" 

10 lS - ---
l 

Yl.. Moxalactam l, 

. " 
FiQo IV 

the total to eiqh-teen) are required to prepare Moxalac:tam (!!) 0 * 
Such long syntheses mUst be very efficient, ~nd the final pro-

, .. 
ducts highly efficacioua in order to campe te in the marketplace. 

When a largoe number ~ r •• ctione are necesury to produce 

a given set of alteration. in a natural antibiotic, it becomes 

*1 better synthesla (1\I20t from Pen G) required'-onlv 14 stepa 1 as 
~ .f' 'Jo' - (-~ 

. , 
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worthwhile to consider total synthesis as, an alternative ap­

proach. For this~ be a viable alternative, an éfficient 

method of forming only the bioactive enantiomer must be devised. 
l 

For the classicaJ. :antibiotics', this enantiomer is a ois a-lactam 

L 

·R~ 
wry 

COOH 

with the 7(6)-1\, 6(S)-R* configuration (1~l. , -r 
'" 

The structures of recently isolated, highly active, anti­

biotics, such as Thienamycin C 2/,,27 and Isosulfaz~in cg> 28 , 

demonstrate that biological activit~ does not always depend on 

20 Thienamycin 21 Isosulfazecin 
o 

( 
\ 

*The number in parentheses refers to the peniéillin nucleus when 

both cephalosporina and penicillins are mentioned'. 

f 

l 
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the 1,-thio-bicyClic ois e-lactam system with an<aminoacyl chain 

(!9), as had originally been thoùght. The absenceoof somé of 

these f~atures in 20 and !L is compensated by other structura1 

parameteros:, such as a carbapenem (20) or a I-N-sulfonic acid 

(!I). There are, nevertheless, sorne features which still ap­

pear to ~e ba~ic. All the active biêyclic systems found so far, 

have R stertochemistry* at the ring junction; and all the active 

e-lactam~·containing an aminoa~yl side chain have the same spa­

tial arrangement* (monO~YCliC • ~, bicyclic - R) at the N-sub­

stituted carbon. Any stereospeci1ic synthesis must take these 
! • 

stereochemical factors into account. 

Chiral Precursors 

" 

In most stereospecific syntheses of a-lactam antibi-
'" 

oti~s, at least one of the chiral centers present in the 
~ . 

selected starting material was retained throughout the syn-

thesis to the final product. In his classical synthesis 

*Because of the priority rules used to assign the R or S desig­

nation to a chiral center, changes in substituents may change 

the terminology. For exarnple, the sarne spatial arrangement of 

groups at the ring junction of 0-2-isocephems (70, p. 23 is 

designated Sand not ,R. 
'. ( 

'. 

1 '. ;-
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of Cephalosporin C (!), Woodward29 'obtained t~~_~equired Qis 
. 

S-lactam ~ by cyclizinq the chiral B·amino .ster 11, prepared 
, .' 

r'-

+ H " 
HJ~SH 

COIO-

•• t ... 

22 ~-cystlne ' 23 -
1 

, ' 

°x -0)1 
l' 

, 

! Cephalosporin ~ 

/ 
: 

in nine stepa trom L-cysteine (!!). Similar cyelizations usinq 

Grignard 30 .. 31 and phosphorus 32" 33 reaqents have also led to 

chiral B-lact~. with no trouble.om •• pimerization.3~ during the 

proces •• 

A somewhat differfltnt chiral preçursor (!V (fiq. VI) 

1 
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,. 

prepared from L-cys 

short synt~esiS~ 0\ n 

rect ois ,1-B.l.lactam . . 

) 
1) PhCO,H (22%) 

, ~ 

z) HC1 (72%) 

'" 

10 

(22) 1 was described by Baldwin in his 
- 1 

illin !!3~. The stereochemically cor-

edi~te !!Iwas created by intramolecular 

x- OCOPh 

X. CI 

J*":\ .. '*! 
o~6 

.jj~. 
o : 

, 
" 

COOl" 

, di.pl~cem.nt of the chloride in !!.: by an amide anion. This 

approach waa later exploit.cl by !Çoppel et aZ 36 in the synthesis 

of Nocardicin A (!i, p. 20 ). 
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I~their recent stereospecific synthesis of Thienamtcin 

(~)37 1 Christensen and his coworkers at the Merck, Sharpe a~d 

, Dow-e Laboratories, used the a-lactam itself as the chiral 

template. Grignard cyclization 30 of the di~lter of L-aspartic 

&cid gave the basic 'B~lactam !! vith a chiral center at C-4. 

\ 

;<00- H 

HOC -' NH,+ 

,) BnOHIH+ ;tCOO~ 5.t .... 

I)Me,5iC1/ 
.. • H' 

t·1uMgCI 

" 30 L-Aspartic acid ll_, $2 -! I)U~""). 
2) Ac -lnddUO 

fNH' 
~ 13 Ks( •. au)aH • SM. 

J s 
~ .. 

1 1 st..,. 
~ 

lit,,: •• ":1. 

BO Thienamlcin 34 3! -

After several transformations d •• igned to obtai~8- (which is 

stable'to ba.e) , the second chiral center was introduced by 
r • 

reacting the lithium enolat~ of the latter vith acetyl imid- -; 
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Azole. Redud~ion of 33 with the sterically hindered K-Selec-
1 • 

tride yielded mainly the R-hydroxyethy1 diastereomer 34 con-
, -' 

taini~g the requ~site stereochemist~y for transformation to 
\- " 

Thienamycin (!2.). '> » , 
\ \ 

1 , \ 
I, 

ASymmetric Induction 

The preparation of- chirèf precursors ean be a leng y pro-
\ 

cess (Woodward" p. 9, and Christensen, p. 11), and/or n in-

efficient one (Baldwin, p. 10). ~ore practical syntheses have 

been devised 38 .. 39 but these usually led to racemie mixtures 
. . -

which required resolution. thu~ reducing the efficiency 

synthe sis by a~ least fifty per cent. If the correctly 

tuted 2-azetidinone could be produced in one highly stereo-
\ 

ecific and high yield step, a major hurd1e i~ th~ ;ynthesis$ 
, 

of S-lactam antibiotics would be overcome. Ideàlly ~is reac-
" , 

\ 

tion should also have the po~&ntial for general ap~*i6ation to 

. 
" 

a wide variety of substrates. O~ly a few examples of a\~etric 

inductio during B-lactam formation have appeared in the~er­

ature, all f tham over the last tan yeara. Some of thes~ 
reactions hav been achieved with high stereoapecificity, but~ 

as yet .none of em have met aIl of the above criteria. ~ 1 \ 

\ 1 \ 

Beliecki and 'his coworkers have reported two highly stereo- 1 
, 1 

specifie synthe.es of ~-lactam.. In their first approaeh~O, the 1 ~~ 

\ , 

... c.' 
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symmetrica1, chiral carbod:Limide 36 -
14 

(fig. VIII) was added to 

a bulky, unsymmetrical ketene 36 to give 4-imino-2-azetidinone 

!! possGssing a chiral center at C-3 with the R configuration 

exclusively~l. Any decrease in the bulk of either one-of the 

startjng materials decreased the stereospecificity of the 

reaction. 

Their second approach 42 involved treatment of the chiral 

a-chloro ... iminiUf chloride -38 (fig. IX-A) with !mine 39 to ob­

tain a 1:9 mixture (80% induction·) of the C-4 enantiomers of 

t!-lactams 40. The absolute configuration of the major enan-.' -" tiomer was not reporte~. The author~ a1so examined the pos-

~, sibility of extending this reaction to s-lactams with two 

chiral centers by using an unsymmetrical iminium chloride 41 

'. and a chiral imine i! (fig. IX-B). However, this resulted in 

a11 four diastereomeric B-1actams 43 with 1ittle stereo-
~ 

selectivity. 

Severa1 Japanese groups have found B-lactams useful as 

intermediate.s in the preparation of chiral amine acids. Among 

thern was the first group to report asymmetric induction during 

2-azetidinone formation. Okawara and Harada 43, were interested 

*% induction • major stereoisomer - minor/total x lQQp 

Equivalent to , o.p~·~ when only two diastereomers are formed. 

**\ optica1 purity • [œl O mixtu~e/[a)D pure enantiomer x 100. 

,/ 

1 

1 
1 
1 
i 
i 

1 
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in the' synthesis of opticallY active aspartic acid (30). A pro--
duct in which the S enantiomer predominated, was prepared in 54 

to 96% ,yie,ld by cyclization of the chiral N-acylaminoaceto­

nitrile 44 with sodium hydride, a~i.d hydrolysis of the crude 

{ 

;=r7 N , . 
~ o ! 

H coo~ 

r< + 
HoOC NH, 

NaH 

, Âr 

L-Aspartic Acid 1 44 -' 30 

a Ar = ,. naphth,.1 

b Ar. Ph 

1 

Il 
~ 1 

intermediate a-lactam 4 ~ and finally, hYdrogenol.ysis of the 

(R) -l-àrylethyl .group on the amine. The optieal puri ty (see 

footnote, p. 14) 
./ 

aryl group in,!!_ 

of, the ~roduct depende~ on the size of the 

The l-naphthyl qrl>up led tcr-ai.gher asym-_ 
.~ 

metric induction (54 te 67%) than di.d the phenyl group (41 te 

49%). Equil.ibration studies demonstrated that the asymmetric 

induction was occurring during S-lactam formation_ No .example 0 

1 
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of ~ 3,4-disubstitut~d S-lactam was included. 
, 

FuruK4wa and his colleagues 44 were inte~ested in novel 

16 

a-amino aéids such as· 48, which the y obtained by the method' of 1....... _ .r . 
Okawara and Harada from the chiral 2-a~etidinones il. In crder 

R R;::nar 
- + 

o Et 

46a R" M. 

bR· H 

l' 

42 ' 

73-78% 
, ~ 

il.!! R = M. 

bR. H 

Fig. XI 

q,P, 
48tl· R· M.' 36% 

È. R ",H 28% 

to produce the a,a-dimethyl-a-amino acid 48a, however, the 

S-lactam intermediate ~ was prepared in another manner, by 

the reaction of chiral imine 42 with a Réformatsky reagent (H). 
, ,-

This treatrnent resu1ted in an'optica11y active product,. but 

with only 36% asymmetric induction. 

I~ 198.0, Ojim~ and Inaba45 reported very high stereo" 

specificity (90 to 98%) in the synthesis of s-lactams from a 

variety of Schiff bases of valine methyl ester ~1.iE. to d) 
~ 

(fig. XII). By treating these imines with titaniwn tetra-

J 

--~ ~ ~~ .... --..... _____ 01 10 • T ••• q_...w.J,I"'_"'~ 
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Fig. XII 

chloride at -78°C, the kinetieally favoured E-tit nium chelate 

~ was for.med. (~ve -200C: z-!! a150 appeare~.) Treatment 

wi th. dim,ethylketene methyL trimethYlsilyl. acetai II then gave 
. 

the tridentate enolate intërœediate !! in which ttack of the ' 
\ '1 1 J 

imin~\pccUrred from the less hindered side. T~e resultin9 

a-lac'tam il had mainly the t· configuration at i 4 (99:1 when 

RI - s-Bu). This stereospecificity was senslti e to the bulk 

of the aldimine 4fo ; and to the bulk around the ~ carbon in the 

i ,1 

1 
.1 
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starting amino ester~S which must he disubstituted for the 

induction o~ high asymmetry-(phenylalanine derivative !!! 

gave only 58% induction). 

. \ 

A similar~pproaCh whlch resulted,in ~-lactams with two 

chiral centers was reported at about the same time by Berg­

breiter , Newcomb and coworkers~7. In contrast, however, the 

Qbserved asymmetry appeared to he thermodynamically, rather 

th an ki~~ically controlled. T~an8 S-lactams S8 and S9 could 

. 
Rf Ph 

~: ~h .+ N) 
~ + ~" 
~ 

~h 
/ 

§.i (X. Li) 55 56 S7 

1"-"r. 
~ 

!!,I !!,a % ' ... tfo!' RI H ., 

1 

:ft" )=( a Me Ph e. + (' " .... 
b O·x· Ph 1. 

- fi 
a ..H NHCOPK • 

r 58 59 
(x • H) 

". 

1 
! 

1 
1 

! 

\---1 
, 
. 
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be prepared by the reaction of an unsymmetrical lithium eno­

late ester with an N-aryl-arylaldimine. when the alcohol 

,moiety of the startinq ester was chiral as in !i, one of the 

enantiomers could be obtained in excess (up to 60') but the 
\ 

respective configurations were not,determined. From their . 
studies, the authors concluded that"only the first step in 

19 

the reaction was reversible, qivinq,the more reactive enolates 

SB and 57 less chance to equilibrate to the more stable 

stereoisomer. 

'Several limitations ~o this reaction were ment±oned. Only 

N-aryl-arylaldimines such as S5 could be used, possibly because . -
of the need for an,electrophilic, unhindered imine.' N-Alkyl-

im1nes were apparently deprotonated to give azaallyl anions. 

Also mono- or unsubstituted lithium enolates reacted poorly or 

not at al1. 

, " The first syntnesis of a ~-lactam antibiotic by asymmetric 

induction was described in 1978 by Kamiya and his colleagues at 
-, , 

Fujisawa Pharmaceuticals~8. Nocardicin A (!!), one of the new 

class of monobactams, wa •• yntheaized usinq a variation of the 

popular imine - acyl chloride49 cycloaddition reaction (fig. 

XIV). P'ortunately, the. R .'tereochemistry of the arylglycine re­

sidue in ![ (and!!) led to a 3:1 exce.s of the desired B-lactam 

!! with S configuration at C-3. 8y aubstitutipq the 1arger 
, 

I-naphthyl qroup for the protected p-hydroxypheny1, they were 
1 : 

able to increase the ratio of diastereomers from 3:1 to 10:1. 

" 

i ' , 
, 
j 

1 
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Some of these methods give,products with hiqh optical pu-.. 
rit y in qood yield, but few of them can'be qeneralizeà te struc­

tures which could 1 •• d ta • bicyclic 8~lactam antibiotic.1 ~h. 

two most promiling approaches leemed to be the imine - ket.ne 
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acetal method of Ojima and Inaha (p. 16 ), and the imine - Aeyl 
~ 

chIo ride method used by Kamiya et at (p. 19). In both cases, 

only one asymmetric center on the B-1act~ vas generated. 

Factors 1ea~ing to the stereose1ective formation of ~ centers 

were not investigated. 

The 0-2-1soce~hem Story 

Between '1977 and 1980, Doyle, Belleau and their. coworkers 

at Bristol Laboratories of Canada published a series of effi-
\ 

eient and stereoselective syn~heses of eephalosporin nuelear 

analogues ~ 50- 54 Their strategy was first to prepare the 

R' 
'( )( • CH •• CHCI, CHMe1 • co 

RI y • o. s, SO, 50,. NCOilt. 

N_, CH,. CO, CHOA. CHar 

Monocyclie S-lactam, and then to elaborate the second ring •. By 

modifying the imine - azidoacetyl ch10ride method of B08e 55 
... 

(fig. XV-A), Doy1e et al were' able to obtain on\y ais B~lactams 

!! (fig. XV-B) 1nstead of cisltrans mixtures (S?). Their modi-

.' 

\ 

t 
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~ !!!ti c 

~ + Ph~ N~tl )t'" .. 
Ph (. 

!! §.! il. 3:1 ct./tr.,. 

B .2tl!!i 

P\ :H{h 
~ Mita 

i i 

+ ,. Ni·' • o H RI 

COQRI COOR' 

!! Cf)-!,! 
1 

Ct} -69 'W0'j. ci. -

fication was in the structure of the imine !!' prepared from an 

~-amino ester and an c,8-unsaturated Aldehyde, prèferably trans 

j cinnamaldehyde. , !\:> 
The most interesti~9 of the.analoques proved ta be the~ 

0-2-isQcephems (f!; X • CH 2 , y - 0), who •• ëifectivene •• ~gainst 

certain pathog.nic bacteria5~ compared favourably with cephalo­

sporins currently in use. As with all 6-1actam antibiotic~,' .. 
• biolo9ical~activity wa. associated with onlyone stereochemical 

, l, --
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configuration. For the O ... 2-isogephems, thi. proved to be the 
. 

ai 8' dextrorotatory enantiomer 52. Preliminary experiments at-

.Bl;'istol Laboratories had indicated tha't a levorotatory 0-2-iso­

cephem could be obtained from the amine acid L-threonine S6 • It 

was our objective to study this phenomenon in greater detail . 

~hiS work will, 'therefore, describe the following: -.!: 
p 

" 

a) the use of an imine derived from D-~hreonine as a chiral tem-
-, 

plâte during B-la~tam formation for the successful total syn-

thesis of the bioactive enantiomer of 3-methyl-76-phenylacet­

amido-â l -0-2-isocephem-4-carboxylic acid (~) (èh4pter 1)1: 

" 

~HH 

Ph , & )=tl .. ' 
r o~; 

b) ,a ~udy of 'Bom~ of the stereoehemical requirements for asym-
" 
metrie i~duction, for example, the influence of the a-chiral 

center "in thé start~ng amino acid and the importance.of bulk 

in the carboxylic acid protectinq group~ as well a9the use 
q 

of deuterated precursors te demon$trate the absence of Any , . 

detectable level of racemization at the a-carbon durinq the 

cYJloaddition reac~on (chapter 2); 

----~-.,. 
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derivativ •• , ofler great ~ti.l· a. chiral template., with 

the a4ded'advantaqe of proàucinq cryatalline intermediate. 

~n hiq~ yield (chapter 3)." " , 

! 
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CHAPTER l 

Since biologically active 0-2-isocephems are dextrorota­

tory and sinee an 0-2-isocephem vith a net neqative'optical 

rotation could be obtained from (-)-L-threonine 56 by'the 8tereo­

~ selective eyeloaddition o( Ooyle st at50~ the Obvious, choice 
, 

of startinq materi~l for 01. atudies vas (+)-D-threonine 

(D-Thr, !I). Fortunately, ~his amine acid 18 op,e of the few 

J" 

? l ~-Thr.onina 

O-amino acids vhich are reaciily available*. 
. \' , 

OUr firat priority was to aètermine \whether asymmatric 

induction ~as occurring durinq formation ~f the S-lactam rinq, 

and if so 1 to what .xtent. Thus i t va.s de'sirable to choose 

proteetinq groups for (+)-D-threonine which vould survive not 

*S1qma Chemical.Company, St. Lo~s, Missouri . 
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" 1 ;t 1 
only the cycloaddition reaction itself, ~ut also the e'~ensiv~ 

ohromatoqraphy ~iQh miq~t be necessary to separate anl' iden-

tif Y the dia.stereomers formed. r \ .' 
These constraints~~liminated such alcohol p~~te~ing 

groups as the labile trimethylsilyl ether, and ssibly the 

acid-sensitive tetrahydropyranyl ethèr which wo have 
1 

contributed an additional, highly undesirabIe, c iraI carbon. 

Shouid one major stereoisomer he formed, completion of the 

synthesis via ooy1e'8 enol 78 51 was contemplated. The chosen 

it~ H 1:4 
Na: : 

JX: o' ~t 
NEt, .. ) 

!..! Z! ri 

alcohol protecting group sho\,Jld then be .electively removahle 

in the presence of the aci~ protecting qroup and the eventual 
" 

leaving group at C-S (mesylate) under conditions whi~h would . 
Ieave the S-lactam ri~? intact. Protection of the carboxylic 

'. 
aeid as an aster should he compat~ble with al1 of .these trans-

foromations. The benzyl ester was chosen becau~e 00y1e et aZ 

~. 
1 l" 

, , 

l' , 
1. n' ~ 
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had- alr dy demonstrated that it could he removed with ease 
\ 

from an 6- isocepham without de8tructive side rea~tion851. 

Two ap~ro ches to the esterification of (+)-D-threonine 

were possible: di ct esterification under acid conditions, or 

protection of the ami first, followed by esterification and 

deproteetion of the amine Several direct methods'for pre-

parinq &mina acid benzyl este s were reported in the literature. 

'The Most recent is by Patel and ice57 who used thionyl chlo-

ride as a dehydrating agent and a so ce of mineral acid to 

produce the hydrochloride salta 

amino acids containing no other 

" 

cUrectlY'~ good yield fram 

unprotected ~nctional groups. 

t'lith (+) -o-threonine (11), however, this method yielded a 

maximum of 50% (+)-o-thrèonine benzyl ester hydrochloride 

,-

(O-Thr-08n.HCl, !i)* only when benzyl alcohol was presen~ in 

*A foldable flow -chart i8 available in Appendix l" which illu-, 

strates the relevant reactions and compound. of this chapter. 

.' 
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great excess, making large gcale reactions impractical. 

The treatise of Greensteip and Winitz58 on amino acid 

chemistry oUt~lines two older, direct methods for the prepara­

tion of amine acid benzyl esters. The first method made use 

'. of polyphosphoric a~id apd benzyl alcohol to esterify unpro-

tected,L-cysteine (!!' p. 9) in unspecified yield 59 • We were 

unable to obtain greater than 30% yield of ester 74 by this -
procedure. The second method (the last direct procedure tri~d) 

involved treatment with p-toluenesulfonic acid, and azeotropic 

distillation of the water produced60 • FOlsch61 had previously , .. 
employed this method for the preparation of L-serine benzyl 

ester hydrochloride (L-Ser-OBn.HC1, 76) in 56% yield from 

L-serine (!!) without protection of the hydroxyl group. We 

~ . 
,-

'16 -

found that even with a dehydrating age~t in the Dean-Star~ 

trap, reflux times of up to f±ve or six days were sometimes 

,---'''---______ .. !'i' ~T'.-" •• ", - ~- .F~. -., 
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J 

necessary to obtain -O-Thr-OBn hydroehloride (!!) in a maximum 

yield of'62\. A Iess direct approaeh, invqlvinq protection of 

the ami no qroup, then appeared more practicai for future prepa­

rations of 74. -
The well-known t6rt-butylôxyearbonyl (aOC) group62 was 

-/ 
, ' 

chosen to proteet the amine sinee i t cou~d be remoyed easily 

by etherea~ hydroqen chloride followed by precipitation of the 

ester as its hydrocnloride salt63 • Several ways to esterify 

BOC-'l'hr 6'+" 183 have been reportad. All of these use a benzyl 

ct OH 
.,. 

~ 8..oH/H+ H.~H 
"' H, "if _ 

• CH, ~ 

10% o 0- l 8n 

(+)-ll (+)-!! 

~-1 
~ 

li:!. r HClI .. ,o 

......... 1-- .... 

~H 
OH 

~H ... , .. 
DeU/4 

o OH 08n 

'11 - !.! 

, 
Fig., XVIII 

.' 
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halide and a base with long reaction times6S- 68 and/or high 

boiling solvents such as N,N-dimethylformamide (DMF) 63,,66. In 

l~78, Ono st aZ 69 described a method for sjnthesizing a wide ·va­

riety of esters, including the benzyl ester of N-benzyloxycar-
. 

bonyl-L-threonine (Cbz-O-Thr, !!). He eapitalized p~ the ~i-

, t: 
dent (charge delocalization) ~operties of 1,S-diazabicyclo-

1 '4 

[5,4,Olundee-7-ene (DBU) tô'~tain greater solvation of the car-

boxyl~t~ anion and thus shorter reaction t~es. This allowed 

'" ,1 

the use of less polar solvents. Using DBO, we found that ester- ~ 

ification of BOC-O-Thr 6,,",,183 <ll.) with benzyl bromide was com­

plete after three heurs in refluxinq benzene, as epposed to 

sixteen heurs in 'refluxing ethyl a~etate w~th triethylamine as 

the base. In spi te of the three steps that were required, thi s 

proeess ,:onsistently provided ester (+) -!..! in higher overall 

yield (~75') in a shorter time than did the method ofaz.otropie 

distIllation. The melting point and eptical rotation of 

D-Thr-oBn hydroehloride (14) aqreed weIl vith those reported 

for the L-derivativ~ by Schnab~l, Kloster.meyer and Bérndt 63 • 

---..-,-------....-------
JO, ;:; ... 

, _; i 

J~ v"vif'--" Jt ': ~ 

.. 



o 

o 

kA .Sl Il ~, __ _ 

\ 

The alcohol protectinq group which 
a 

the conditions described previously, was 

silyl ether. First introduced by Corey70, 

sinee tor the protection 

ti9ular, for nucleosides by Ogilvie 
.' 

assumed that it could be introduced with 

-.1 ,'l'" .. --_ ... "--- -~ 

1 
": 
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d to meet aIl of 

tert-butyldimethyl-

extensively 

and in par-

too much difficulty, 

and later removed by one, of several mild m thods76 - 79 • It was 

aiso expected to be stable to chromatog~a hy 60. Moreover, 

d~about the time we began this work, JuS~ nd Liak el published 

the synthesis of monocyclic B-lactam !l from the O-tert-bu~l-

Ph--vU

CH2 

~ I_}-j, 
1° ):::CH' 

80 81 

• i 
Fig. XIX 

dimethylsilyl etherj of L-serpine meth~1 ester 80 under conditions 
• 

very similar te those we hoped to employ. 

Use of the recommended conditi~ns (treatment with tert­

butyldimethylsilyl chloride and imidazole in N-N-dimethylfor-

, 

1 
\ 

\ 
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~I~ y~~ H, H: 
o 08n 

", " 

(+)-82 (-)-83 
j -

mamide at room'temperature for eighte~n hours70~77) for the 

silylation of ester '/4, however t résulted in substantial quan-- . 
tities of N-formyl silyl ether (-)-!! (34 to 64%) as weIl as 

\-'(0 
1 

1 \+ osft 
+ CI'I+ ----. c,- ~ i 

/ H / H 

84 

OR 

H~~ 
o COOl" 

83 

Zl.. RaH . OR 

HI~H Ra-~+ g 
1 

~8. l ... 

1 

1 -s+ 
\.1 

~OR 
H~H 

l 
\ 

koo~n 

85 
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the de,sirèd amine 811yl' ether (+) -!! (30 te '44%) • 

A possible explanat~on for the occu~rence of this side 
\ ' . 

reaction could be the formation of a Vilsmeier type 82- 84 

iminium salt!! (fig. XX) from the re4ction of N,N-dimethyl­

form~ide with te~t-butyldimethylsilyl chloride. An analogous 

iminium salt!! vas described by Ikawa et aL8s as arising frem 

-the reaction of ethyl chloroformate with OMF. These sa~ts are 

HO ° _ 'k0it 

+ C,ÀOEt 
.. CI 

/ H -COI / H' 

--y 
Fig. XXI 

known e~ectrophi1ic species83 and so would be susceptib~e to 

attac:;k from the aJnino group of either the starting material or 

the silyl ether!!. ,Elimination of the siloxy group in !!, 
followed by hydrolysis of the resulting iminium salt 86 (during 

work-up) WGuld thtt,n lead to formamide 83. Since the substitu­

tion of hexamethylphosphoric triamide lHMPT) for GMF gave the 

silyl ether (+)-82 cleanly and in very high yield, the factors -. -

affe.cting thi. ,reaction were net atudied any ~fur-ther. 

There remained only the cinnamylidene Schiff base !.1 to 

synthesize before the cyoloaddition ~eaction.could be atudied. 
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" Ph· 

:~M 
' ....... SIC1 '* ......... M:t PhCH-CHCHO 

Ct; .. 
HIItT 

, .... 
"~' 

(+)-u (+)-83 88 

~ N~ N " 

+ ,+ 
N H + o ~ H .lN 

CI • 
... 

y 
r o lin 

[ex1 ~tSO' 88:12 [a&] -U' \ 

U'/. D;' 

(-)-89 (+)-!Q.- (-)-ll , 

It was prepared withoùt âifficulty by the procedure 0(- Doyle et 

~at50, and was alwayeused immediat.ly without further purlfi-
- , -

cation. Since Doyle: et at had •• tablished the particular con-

ditions for cycload4ition which 1ead exelusively to ~i. a-lac­

tams, that is, addition of a~idoac.tyl chloride to a cold (-lS·C) 

solution of the a,B-unsaturat.d Schiff base and triethylamine in 

" 
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dichloromethane 50 .. 51 , we adhered to those conditions with only 

minorfmodificatiOns. 

,The orange oil which resuited from this procedure cont;ained 

two major components (as indicated by t.l.c.)., Separation by 

flash chromatography 86, allowed the identification of the more 

polar constituent a~ amide (-)-!! (25 to 30%), and of the other 

constituent as a mixture of a-lactams 89 and 90 (60 to 65\). 

These yields are similar to tho,se reported for cycloadditiops 

with ~he cinnamylidene Sehiff ba$es of L-serine (Just and Liak81 ) 

and D-threonine (Bose 9t aZ B7 ) derivati1es. 

When isolating the produets of an asymmetrie synthesis', it 

is important to ensure that the proeess of isolation doe's not 

change the relative ratios of the diastereomers. Theréfore, 

mixed fractions from the chromatography column:containing any 

trace of a-lactam material were combined with the pute B-lactam 

fractions. 

The first time this, reaction w&:s carrie'd out, other impu­

rities were also identlfied. These proved ta be mainly cinna­

maldehyde and the 8ily1 ether !! which moly arise from cleavage . , 
of Schiff base !!, either during the course of the reaction 

(accounting for amide (-)-!!) or during work-up. Lonqer re~e­

tion times and s1ight1y higher temperatures (-10° to OGC) aid 

not improve the yield of a-1actams. Their isolation was sim-
1 

p1ified by modifying the work-up procedure to hydrolyze any 

unreacted Schiff base by treatment with aqueous acid and then 
~ 

- .. -------- - ft 
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to extract most of the resultinq cinnamaldehyde as the bisul-

fi te adduct. 

, Analysis 'of the mixture of B-lac1;ams by high pressure" 

liquid cbromatoqraphy (HPLC) on a micro-silica analytical co-

lumn revealed the presence of two major components in a ratio , . ( 
of 88: 12.> (major 1 less polar to minor 1 more polar) (see fig. 

XXII, p. 34 ). Enough of each component was ~eparated for the 

purposes of identific~tion. Both proved to be B-lactams, the 
, 

major isomer li. possessing negative optical rotation {'[ ca] 0 23 

-13'0 0 (c 3, CHC1 3 ) and -150° (c 2. S., hexane)} and the minor 

isomer 90 pos~tive optical rotation {[ca]023 +40 0 (c 2, CHel 3) 

and +80 0 (c 1.5, hexane)}. (A mirtor component of about ~% 

which appeared just before the major peak wa~ not identified.) 

The two main components were distinguishable by their 

respecuive IH.m.r. spectra. The 60MHz spectra were not suf~ 

ficiently ~esolved to suppçrt our assumption that'both were 

ois a-lact~s but they did provide sorne useful information., The 

spectrum of the major 8-lactam -(-)-!!Nas characùerized by a 

prominent band appearing as an AB quartet (~ • 5.16 ppm) which 

was assigned to the benzyl ester me'thylene, while that of the 

minor e-lact~ (+)-90 contaiped a singlet (6 = 5.07 ppm) for 

the sarne group. Sucn an AB quartet ia typical of a Methylene 

'. in an- area ,of the molecule in which ,·there is restricted rota­

tion 88. *'The silylated compounds 8~ 88 ànd il (p. 34) and 83 

(p. 32) also displayed AB quartets, with ratios (vA-vB/J) of 
. ,. 

*or ~ conseqùence of nintrinsic diastereomerism" which ls for­
tuitously cancelled in the. min or isomer 187. 
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1 

0.5 instead of 1.0 as for major S-lactam (-)-~. It i8 not 
, -

surprisinq that introduction of the bulky tel't-butyldimethyl-
, " 

silyl group ore~tes some sterie hindrance in these D-threonine 

derivatives. Apparently, the overall stereochemical properties 

of .the major S-lactam aecentuate those factors which r~strict 

rotation about the ester function, while those of the minor 

isomer eliminate tpem. 

Another indieator of strain in (-) -~ was the up~'ield shift 

of the ~ilyl ~roup signaIs from their rel,ati\l'e positions in a~ll 

of the other si1ylated derivatives. Both sily1 methyls absorbed . 
above interna1 tetramethylsilane (TMS) (-0.11 and -~.04 ppm) 

rather than one on either side, while'the t~t-butyl signal 

shifted to 0.76 ppm f~m 0.85 ppm. Experience would show that 
f 

these si1yl peaks cou1d be used as markers' when ~xaminin9 the 

60MHz lH.m.r. speetra of mixtures of S-lactam diastereomers. 

The te~t-butyl signal was the MOst useful in this respect, sinee 

one of the methy1 9i1y1 peaks of the minor isomer 'was often hid­

den under tho.e of th~ major. It "'as tbus posa.ible to obtain a 

rough eS,timate of the ratio~ major to minor diastereomer. 
... 

Later, when 200MHz tH.m.r. spectra beeame available, it was 
; 

possible ta distinqu.~h every single proton in aach of the sepa-
~ ,/ 

rated diastereomefs. The coupling constants for the 8-3 and 

8-4 protons of (-)-89 and (+)-~ (5.3 aftd 5.2Hz, respèetive'ly) 

confirmed that bath S-lactams were cis isomers89 • 

~ee we had established that asymmetrie induction WAS 

• 
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indee4 -~c~~:ring during the CYC10)~diti~nl it was neces.sary to 

de termine whether (-) -§.!, th,.1tla;t~ 6-!aCtUl,' had the correct 

stereochemistry for eventuaJ biologlcal activity. In drawing 

the structures of (-)'-89 and (+).:~ (fig. XXII, p. 34 ), we 

had assumed that the major stereoisomer posseseed the correct 

configuration, although this had' not yet been proven. The 

simples~ reliable way to establish the absolute configuration 

was actually to produce a stereochemically pure 0-2-isocephem 
\ 

and test it for antimicrobial activity. To do this required 

the separation of a relatively large amount of pure (-)-!! from 

the mixture of a-lactams. 

Al though a Waters 500 preparative HPLC was made available 

to us at Bristol Laboratories of Canada, the column was unfor-

tunately not effic~ent enough to sepa~ate- (-)-!! from (+)-~. 

None of the fractions from this column (checked On an analytical 

micr~-Silca column) were free of t~e minor isomer (+) :90. A 

more efficient, semi-preparative colwmn was needed. We were 

also able to establish that silica gel'was better than reverse 

phase adsorbents for this separation90 • 

, A semi-preparative column (150 mm x 10 mm) was, thereFre, 

packed wi th Spherisorb. S-lOW (a spherical particle, micro-silica 

qel, Si 100, 10 ~m) and the sep~iO~ ca~ried out on an Altex 

300. prepaT&tive liquid chromatoqraph. Initially, the mobile 

~haSie emp~oyed consisted of ethyl acetate/hexanes (7 :93) but af­

ter about fifteen injections, ~he column's resolution began ~o 

1 
l 

-j 

1 

1 • 



( 

( \ 

.. 

39 ' 

deteriorate. Change of the mobile p1tà.~e to m~thanol/e.thyl 
( , 

acetate/hexane. (0.1:5:95), accompa~;eà by pre-.quilib~ation 
<-

of the column for about twenty minutes, 'solve4 the problem. As 

only a few millig~ams of pur~ material could he separated pB~ 

injection, several weeks of arduous work were required to c01-

lect enouqh pure 6-1actam (-) -§:.! (three grams) ""for a completion 1 

-
of the synthesia. \ These three precious grams were aubmitted to 

further reactions only after the precise conditions had been 

established using the mixture of 891 +' ~9r;. 
- - j 

The firat attempt to prepara primary alcohol 9S involved 

,. 

li"<& 90) 92 

H+P~ 
o~~~' 

o Oln" 

9S 94 -
Fig. XXIII 
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- ~ -, 

ozonolysis (at -?OOC) of .!! + !Q in' dic~.lorome·thane, followed 

by reduction of the ozonide. with dimethyl' au'lfide to aldehyde 

92. This Aldehyde ~as assumed to oe unstObleSllS3 and W&S 

tmM~diately treated with sodium borohydride in tetrahydrofuran 
y 

o (THF) at QGC. Primary alcohol !! W4S produced oy this method 

but so was the ~,8-unsaturated ester !i, resulting from e~imi­

nation of the t.~t-butyldimethylsiloxy group. In an effort to 

avoid this side reaction, we elected to reduce the product of 

ozonqlyais directly to, the alèOholsll91 ~ 

Chinn 92 , in his review of oz?nolysis conditions, st~tes 

that ftsolvents which form hydroperoxides ••.. often give better 
~ 

yields " 
protic 

ot products aftèr redu~ thon do inert solvants. 

solvents, the zwitteri nie intermediate II (fig. XXIV) 

has no chance to rearrange before being protortat~. For this 

--•• a-{ 
RI 

0, ';. 
--.~ ~ 0 

ROH RO R' ----.- X 
HO ~ 

reason, a small amoun~ of Methanol (151) was added to the 

ozonolysis reagtion mixture. The ozonide was reduced with 

,----------,. 
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98 . 

l tly. C'.COOH 

12% 
. , 

sodiu. borohydride adsorbed on alumina (NaBH~-Alox)93 rather 
," . 

41 

than by 80diùM borohydride in solution. Onder these conditions, 

no unde8irab~ side reBctions were encountered. 

Treatment of the pure major S-lactam (-)-Sg as above qave ,. -
primary alcchal (-) -il. in 901 yield after chromat09raphy. The 

60MHz IB.m.r. apectrum still contained an AB quartet (~ • S.lO 
. \ 

ppm) for the benzyl estèr methylene but ~the .i1y1 ab.~rpticn. 

had lhifted downfield' ·tc positions more ,co~arable witûl tho.e 
~ 
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, . 'for the .acyclic D-threonine derivatives 82, !! a~d ~ (p. 34 ), 

indicating that the styryl group was partially responsible for 

the steric strain previously noted for ( ... ) - §.!. This time the 

doublet corresponding to H-3 appeared at Ô._- 4.73 ppm with a 

coupling constant (J Il 5Hz) typical of oi.s a-lactamsB9 • 

Mesylation9~ of alcohol (-1-93 to ~ive mesylate (-)-96 - ~-

and subsequent removal of the tsrt-buty1dimethy1si1y1 protecting 
-

group with 9~% trifluoroacetic acid 95 produced the first crys-

talline intermediate in this series, secondaryalcohol (-)-!! 

(fig. XXV)'. In its IH.m.r. spectrum, the AB quartet, so charac­

teristic of the previous intermediat~, was now absent. Remova1, 

of the; bulky si1y1 group had relieved the rotational restric-

tions about the benzyl ester. 

Oxidation of secondary alcoh01 (-) -97' to the a-keto e"ster 

98, with concomitant tautomerization to enèl !! (fig. XXV), 

proved to be rather challenging. The ex~ected enol would likely 

lead to c10sure of the six-membered ring under basic conditions, 

and we wished to avoid this initia11y. The first method 

attempted was oxidation with Jon-es reagent 96. Its use for the 

formation of enoIizable ketones from alcohols, without epi-

meri~~tion of the adjacent asymmetric center, has been re- .. 

ported91,,98. A1thouqh the reaction was fast, and the eno1 

definitely formed, a considerable amount of decomposition was , 

a,lso observed. Apparently, some hydro1ysis of the benzy1 ester 

was taking place. In fact, when the reaction was carried out 
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at ':'10 0 or OOC,_ -formation of benzoie ,acid, probably by oxidation 

of benzyl alcohol, was a major occurrence. 
~ , 

A variety of other oxidizi~q' agl'hts was evalûated. Other 

ehrQmium reaqents (sodium diehrolllate dih;drate/HaSO,* 99
0

, tetr~­
N-butylammonium chromate100 and chromium trioxide/ether 101) gave 

no reaetion at allA Neither did Pfitzner-Moffatt oxid~tion (d±­

methylsulfoxide/dieyclohexylearbodiimide/H3PO I+1 102,,103. The 

acetie anhydride variation of the Pfi1:-zner-Moffatt method 1021 101+ 

did produce'~ome anol (detected by' t.l.e.) but the main produet 

(60%) pro~d to be the ~/8-unsaturated ester!!. Presumably 

~ arises from aeetylation of the secondary alcohol (-)-!l 

with subsequent elimination of acetie acid. The spectral 

data from !! agreed well with those of 94, tne a,B-unsaturated - ~ 

ester formed during sodium borohydride reduetion of Aldehyde 

~ (p. 39 ). The dffferences eorresponded to thoae expected 

between a.n aleohol and its m~sylate. 

(-)-~ 

. ~ 
1 
î 
1 

,- - l ,- - .,- ~ --.. -----

',-- - ~ ~ - -~~,~_. ~ ~~- -



( 

( 

44 

Three other oxidation methods were attempted. Fetizon' ~ 

reagent (silver carbonate/celite)105 and activated manganese 

dioxide 106 both appeared to promote side reactions rather than' 

the desired oxidation. Pyridinium chlorochromate (PCC) 107 , 

buffered by sodium acetate, also ca~sed decomposition. When 
- ~', 

used alone, however, PCC did produce enal 72 (identified' by' 
t.l.c.) but at a very slow rate (about SOt after two day~). 

Wor~~~~ ~fter four dars gave an unac~~ptably ~ow yield of the 

e~~i even tho~gh t.l.c. showed v~rY litt le of the decomp~sition 

products observed in, the previous experiments. Considerable 

amounts of polar material \<Iere present, however. Sinee the 

desired enol 72 is known to he unstable S1 , we decided not to 

pur sue this approach but to concentrate on optimizing the 

oxidation unde~ th~ Jones conditibns 96 • c 

This oxidation':.was J.irét studied wi th a# model compounQ:, 
, . 

al<cohol 1.!1.2. obtainEld hy the desilylation of amide .• (-~ -~ in 

95% trifluoroacetic acid9S ' (fig. XXVI!, p. 45 ). Decomppsition 

cf the produet (enol lQl) predomin~ted under the following 

condi tions : ~' . .. - r. 

.. 

a) leaving the reaction mixture at OOC after aa~~tion of the 

reagent, 

b) warming up to room temperature (25°C), and 

c) using excess reagent. 

When sto~çh-iometric amounts of Jones reaqE!.nt were used, 

the optimum temperature fo): convernon of alcohol l12.. to)mOl 
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OH 

.. '/. CF,CDOH. N~H 
O~8n 

(+) -12.2.. 

1 
Jone. 
ISle 

< ~
HO 

N, 
o 

Sn 

Fig. XXVII 

/" 
~J 

about lSQC. For the S-lactam-containing secondary 
, 

alcohol (-)-97, the optimum temperature was a little higher 

(about l8°C). Even under these conditions, neither oxidation 

réaction could be completed without decomposition, although 

acyclic ~ seemed to withstand long reaction times better 

than B-lactam-containing enol 72. -
One way around this problem W4S to stop the reaction be-

l 
fore sign1ficant amounts of decomposition had occurred (approx-

imately SO\ oxidation) and separate the product from unreacted 

alcohol which could the~~ recycled. OUr experienee with ..-. 

r 
! 
1 
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the dtmethylsulfoxide/acetic anhydride oxidation (p. 43 and 

128 ) had shawn that chromatoqraphy was not a feasible method of 

separation for enol 72 and a1cohol (-)-97 because enol !! was 

not eluted from the column even with a very polar solvent. We 

decided to extract 72 as the enolate salt, followed immediately 

by neutraliaation vith ice-cold 10% hydrochloric acid. 

,Extraction wi th ice-cold solutions of 1% sodium hydroxide 

or 10% sodium carbonate caused some.undesirab1e side reactions, 
ri 

.. 0 .... 

• 
. 

:tI 

102 lli 

1= 
:f{ , 

r : 

./ 

ill 104 

Fig. XXVIII 
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while·saturated sodium bicarbonate did not ext~act any 72 
b 
(or ~). An acceptable compromise was found by using 4% 

sodium carbonate.' This "procedure typically allowed the re­

covery of enol 72 in 55% yield and unreacted alcohol (-)-97 
-- 1 • --

"-in 35% yield. Enol!!, obtained in this way had spectral 

characteristics similar ta those reported by OOy'.le et aZ S1 

for the same compound. 

After this work was cQmple~ed, Bose, Manhas and their 

colleagues 87 reported the Jones oxidation of alcohol" 102 to 

enol l.2..! (fig. XXVIII, p. 46 ) in \ 71% yield' "under carefully 
v 

47 

~controlled conditions" (not specified). The known resi.stance 
\ 

to acid of p-nitrobenzyl esters in comparison with benzyl 

esters 108 may have contr;buted to the improved stability of 

102 and lQ! during the reaction. When they used an excess of 

Jones reagent, the N-unsubstituted a-lactam 105 was isolated. 

Formation of this species was attributed ta over-oxidation of 

enol lli to the a-hydroxy-ester lli and subsequent c1eavage-. 

The analogous N-un~ubstituted B-lactam was not isolated from 

the reaction of (-)-97 (p. 41). However, something more than . -
este~ hydrolysis was obviously occurring, and the observations 

of Bose et aZ offèr a reasonable exp1anation for the increased 

decomposition that we observeg At room temperature. It would 
• 

appear that the resistance of enolizable ketones to Jones 

reagenj91 depends on the ease with which the eno1 1s formed. 

The cyclizat10n of enol 72 to azido-O-2-isocephem !! as 

.; 
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described by Doyle et aZ 51 was always carried out as soon as 
" 

possible after ex~raétion of the e~ol. With the recycling of 
--

recovered starting material, 73\ o~ (-}-!! was obtained from 

OM. .,±( 
o:é 

o OBn 

72 (-)-ll 

Fig. XXIX 

secondary alcohol (-)-~ (p.' 42 ) after chromatography. Com­

parison of the physical and spectral characteristics of (-)-!! 
, 

with those reported by Doyle st al 51 showed tpat these molecules 

were very similar but not identical. The azido-O-2-isocephem 

described in the literature was a crystalline racemate'whereas 

(-)-Z! proved to be an oil consisting qf A single enantiomer; 

[a] 0 23 -22 0 (c 2, CHC1§1. 

In C~C13' the 1 H . m. r. spectrum of (-) - Z1.. showed a" complex 

pattern for H-la, H-IB, H-6 and 8-7 descrihahle as ~n AMXY 
,-

pattern with only the Y absorption ,(H-6) b~ing unclear. The 

pattern in C6D6 wAS almost fi~st orger (its overal~ appearance 

might he described as an AMNX pattern). The changes in cham-
~ 
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ical shift from COC13 to CGOS109 (Table 1) for al,}, four­

protons concerned are in the same direction and ~re of about 

the same magnitude as those already published for the 0-2-

isocephem ~f651. The couplinq cpnstants a're a1so comparable. 
è 

The assignments for the proton peaks in (-)-!! are, thèrefore, 

identical to those for (±)-l!!. 

N 

(t)-106 

an) 

. 
* * 6 (!.!) t proton 6 (COC1 3 ) 6 (C60S) 6(106)51 -. '\ 

, -

H'"'la 3.,98 3.39 , 
0~59 0.55 

H-la 4.56 3.91 0 .. 65 0.66 
, ' 

H-6 - 3.7 "C-- 2.93 . 0.8 0.18 , 
1 

H-7 5.16 4.30 0.86 0.8 
~ , • , 

" t in ppm. 

TABLE '1: 60MHz la.m.r. aromatic solvent induced shift in (-)-l! .,.. 
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.There now remained only the synthasis of a relevant 0-2-

isocephem carboxylic acid ,with a suitable amide side chain for 

thE! correlation of bioact'ivity and configuration by comparison 

with an identical compound in the racemic serias. We accomp­

lished this by previously published procedur,sSl. Hydrogeno­

lysis oyer platinum of ,the 'azido group of (-)~l! yielded 77% of 

the corresponding amine 1Ql with spectral characteristics which 
" 

agreed with those reported for the racemate S1 ." As for {-)-73 

(-l-ll 

(ca] +1sr 

(+)-!Q. 

, 
.! 

121.. 

., l I!IDO 
, ~o ,. PhCH,COOH 

(+) -108 

. ~ , 

r , 
1 , 
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. 
the complex pattern observed in the 60MH'z lH .m. r. s.pec,trum for 

H-l, H-6 and H-7 could he analysed ~n terms of individual pro­

tons (this time in COC13) even though the spectrum could not 

he precisely cla~sified as first order. 

Since the phenylacetamido-racemate (BC-L30) 54 had earlier ' 

be.n prep~red and tested at BristQl Laboratories, we coupled the 

readily available phenylac~tic'acid to amine lQ! with fi-ethoxy­

carbonyl-2-ethoxy-1,2-dihYdroquinoline (EEDQ)51~110 to obtain an 

,80%' yield 'of amide-ester (+)-108, [0.1 D
23 +154° (c 0.6, CHC13)' 

Hydrogenolysis (10% Pd/Cl of the benzyl ester groupS1 finally 

resulted in 94% of the dextrorotatory 0-2-isocephem (+)-~ as a 
" 

qlassy 801id, which was ree~ysta~lized to qive a white powder, 
, 

m.p. 95° - 105°C (dec.), [0.]023 +157° .(c l, acetonel. 

No spectral data for either the ester ~ or its earbox­

ylie aoid 70 have been reported', but the data that we obtained 
r -

... ...... 
are consistent with those published for the phenoxyacetyl àna-

l' , 

logues 109 and ~51, thus eonfirming the structural assignment. - \ 

The melting point of the racematé is much higher (197°,· 198°C54) 

than .that ot the pure~ enantiomer (+) -'10 (95 0 
- 'lOSOC) • 

. - " 

H ~ ~ 

P~J=Çl 
COOR 

ill .'R;a ,~n 

llO R- H 
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Bioloqièal Activity and Abso1ute Configuration 

The respective in ,vit~o antimlcrobia1 activities, ex-- -, 

pressed as minimum rnhibitory concentration (MIC) , of (+)-~ 

and .it$ corresponding racemate (Be-L30 54) 'against five typica1 

.strains of bacteria are +isted in Table 2. These results 

establish that the absolute configuration of (+)-3-methyl-76-

phenylacetamido-O-2-isocephem-4-carboxy1ic acid (70) (and of its 

pr~cursors) is identica1 to that of the natural penicillins 

and cephalosporins • 

. 
- MIC(\Jg/m1) 

Micro-organism , 
(+)-Z,Q, BC-~30 

-. 

St'l'ep toaooou's pneumoniae 
, 0.25 0.5 

St'l'ep toaoOOU8 pyogene8 0.5 0.5 1 

Staphy toooOCU8 aureus - Smith 0.5 1.0 
. 

Esoheriohia ooU 32 > 125_. 

Proteu8 mil'abiZis S 16 

TABLE 2: Antimicrobial activity of (+)-~ verSU8 BC-~. 

l 
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CHAPTER 2 , 

At the~ime~this work was undertaken, we became aware 
li' 

\ 

of the results of Just and ~iakS on the cycloadditon of the 

L-serine derivative lL! with azidoacetyl chloride by the method 

.h\ 1 Ph 

N, 

:f~+ K,CHwC°CI 
• 

NEt3 

o OCH, 

111 (±)-ill 
'-. 

of Doyle et aZSO,Sl. They reported that the product, ois 8-1ac~ 

taro ,112, was racemic. When our own results showed that 76% --
asymmetric induction could be obtained fram the O-threonine 

derived Schiff base 88 (p. 34 ), it •• emed 10910al to attribute 

the differenca to the affect of inoraasad starie hindrance 
, 

eaused by the B-methyl group of O-thraonine and/or the larger 
, ' 
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~rboxyl protectinq group of !! v9rsus'111. We thouqht that 
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by manipulatinq thé size of the es~er functional group, better 

optical yields might be obtained. One of the most widely used 

groups for the introduction of ster\c bulk is the t8rt-butyl 

group. Aecord~ngly, we set about the preparation of the re­

qu~red tert-butyl O-threonate (O-Thr-OBut , !!!)* in order to 

113 

test our hypothesis. 

Several methods 111-116 for the formation of the ttirt-

butyl esters of amine acids are known. Two of them have been • 

used to prepare derivatives of t8rt-butyl O-threonate. The 

f'irst was -described by Callahan 'and Zimmerman in a U.S.A. 

*A foldable flow chart is available in Appendix I~ which i1-

1ustrates moat of the reactions and eompounds described in 
:Jo '.~ 

this chapter. 
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OH OH 

~O~ )-./H+ 

-Y~ 
1n0 .. + over"ltht o ' 

OH 
.' 

~ 

79 114 115 -

Fig. XXXII 

patent 111 • From the reaction of Cbz-L-Thr (!!) vith isobu­

tylene and sulfuric acid, the y obtained both the tert-butyl 

ester ll! and the di-tert-butyl ether-ester ll!, the latter 

apparently predominating. Longer reaction times l11 miqht have 

yielded only di-tert-butyl ether-ester 115 but our comparative - . 

studies required the ~e of the tert-butyldimethylsilyl ether 

"' as the S-hydroxyl proteoting group. 

Moore and Szelke l12 had obtained BOC-L-Thr-OBut in 51% 

yield by reacting BOC-L-Thr with N,N'-dicyclohexyl-O-tBrt­

butylisourea (!l!) (fig. XXXIII, p. 56). Identical yields 

were reportad for other hydroxy-amino acid derivatives. These 

~,ther lov yields can be attributed mainly to t~e instability 

of the tert-butylisoureal18 • On the other hand, etherification 

should not be a problem with this reaction since aliphatic . 
alcohols are.essent1ally unreactive towards isoureas l18 • 

Other methods (such as transesterification with tert-butyl 

.11'''. 'Ii. il! J't_U Q " 
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acetate/BelO .. 113" 11" or reaction of--"""the silver carboxylate with 

tspt-butyl iodide11S ), previously applied to different amine 

acids,.were expected to give troublesomé side reactions invol­

ving the unprotected B-hydroxyl group. rurthermore, the pub­

lished vielas were not encouraqing. 

In order to carry out the esterification with isourea, it 
, . 

WaS necessary to choose an amino protecting group compatible 

with the tB%'t-butyl ester. Although
e 
selective cleavage--of ~he 

./- - --

+ 

11'1 

IInO~H 
g o~ot 

+ 

(+)-118 119 -
rig. XXXIII 
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-'. 
BOC group in the presence of a teztt-buty1 es-ter has been de-

scribed,119,t 1,20 , t)1e Cbz group was ~ chosen because _ i t can easi1y 

be hydrOqenolyzeJ,121-123 under "conditions which should leave the 

tert-butyl ester intact. In this way, the problem of selee­

tivity would not arise. 
." 

The desired Cbz-O-Thr-OBu t {(+) -ill, [a] D 23 +20 0 (c O. 6, ~-' 

ethano1)} was synthesized in 54% yield after chromato9'raph~; 

from Cbz-D-Thr (116) 121 and N,N'-dicyclohexy1-O-teztt-bu~y1iso­
~ 

urea <'ll.V 124, prepared in 8itu from teztt-butano'l and N,N' -di­

cyclohexylcarbodiimide (DCC) (fig. XXXIII, p. 56 ). The major 

impurity from this reaction (15% after chroma~ography) proved to 

be the dimer ill (see experimenta1 section,~ p. 137 ). This 

could on1y have arisen from attack on unreactedl·~Cc by the sec­

ondary a1coh01 of product 118 (or of startinq material 116) 

thus yieldinq an isourea wi th which a molecule of starting 
~ 

material 116 could react to produce dimer 1l!. A pure isourea, 

prepared separate1y rather than generated in situ, might improve 

the yield of ~,rt·buty1 ester. Un~ortunate1y, the only reported 

isolation of an O-te~t-buty1isourea (from N,N'-diisopropylearbo-' 
1 

diimide) occurred after a.reaction time of twenty-eight days 125. 

After this work had been comp1eted, we becam. aware of the 

work of K.i.noahita et al 126 who prepared Cbz-L-Thr-OBut {[a] 26 D 

-20.6° Cc 1.07, ethano1)} by acetoacetylation of,the ~-hydroxyl 

group in Cbz-L-Thr with dixetan., esterification with iso~uty-

1ene and then deacylation with hydrazine. The spectral and 

.. 

-~'- ~~-, ~-- ~ -~ --- ~--'--~-~-- -- ---
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physical properties of our- CbZ,-O:-Thr"OB"ut <g!) we,ra in good 

aqreement with their data. 
, 
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Transfer hydrogenation "tram cyeloh~xene( a ~ew proced~~ 
for the r~val of Cbz groups.fram amino a~id- and. peptide deri­

vatives 127 , was selected for the.deprotection of (+).ll!. The 
o 

reaction appeared" to work well on a ~mal!' scal.e" giving a good 
• 

yield (7S%) ,of a. erude product, -the Lr. and lR.m.r. !lpectra. of 

which agreed with the expected, structure. However, th. field of . . 
1!! after ch~o.mato9raphy (54%) was disappointi9g. This 10&8 may 

" r-

• 

(+) -li 
· · · . · · · · · · · 
1-
i-

ill 
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, 
have been due to some cleavage of the tept-butyl ester as well 

as poor 1l\obility of this rather polar c9mpound on the column. 

O-threonine, as in fig. xxxv. However this precess need not be 

intramolecular. T~ tB~t-butyldimethylsilyl ether (+)-120 (pre­

pared in 75% yield 1s described in chapter 1,' p. 33) appeared 

to be more stable than lI! although it too seemed to decompose 

at room temperature. In view of their relative instability, 

both 113 and 180 were used as soon as possible after formation. 
- ---; l 

This problem might be circumvented by silylation of the 

N-protected ester !1! first te give !!L, followed by hydrogeno-

lysis of the Cbz group at 25°C with 1,4-cyelohexadiene 128 to ; 

yield the relatively more stable (+)-180. 

Synthesis of Sëhiff base ill and 'cycloaddition to qive a 

1 

1 

\ 
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:e H, 0 H" oooH PhCH-CHCHO ~t-• 
~ 0 0+ 

~ 
ill 122 l NEt,/-tl'C 

N,CHtCOCI 
, 

Ph 

N, 1 P OS;+-.+ + Hr ···H 
0 

00+ 
[CIIJ -as" 90: 10 [aJ +15' 

63i: 

(-)-123 (+) -124 ill. 

Fig. XXXVI 

mixture of B-lactams l!! + l!! (63% from~) by the methoà de­

scribed in chapter l (p. 34 ) went as expected. A polar impu-

ri ty produced durinq the reaction was assumed to be thta corres-

pondinq amide m (not isolated). with the knowledge gained 

through the synthesis of 89 + 90 (p.35-7), we were able to use 

the sily1 absorptions in the IR.m.r .pectrum, e.pecially the 

't;QI-t-batyl lilyl signal', as markera for the two expected dia-
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stereomers. ~gain the minor iso~er gave' absorption bands down­

field fr.om the major one, both ~ the two silyl methyl singlets 

being disçernible in this case. 'Integration of these peaks in­

~icated the p~esence in the 7xture of ~bout Il or 12% of the 

minor isome.ç. Further evidence 'was provided by the observation 

of a small singlet about 5Hz upfield from the tel't-butyl ester 

signal. These conclusions were subs~antiated by HPLC analysis 

which revealed a ratio of 90:10 for the major, less polar iso­

mer .ill to the minor, more polar isomer 124. 

Isolation and characterization of the se diastereomers es-

sentially supported the assigned structures. As for the benzyl 

ester derivatives, the minor isomer (+) -!!...!. was the more polar 

isomer with a positive optical rotation {((l]D23 +65 0 (c 0.6, 
, 

CHCl,)}. Individual absorptions for all protons were visible in 

the 200MHz IH.m.r. spectrum. A couplinq constant of 5.2Hz be-

tween H ... 3 and H-4 confirmed the ois configuration for the 8-lac­

tam. However, the 200MHz IH.m.r. spectrum of the major, less 
" 

polar isomer (-)-l!! {[Q]023 -85 0 (c 1.5, CHC13)} did not imme­

diately allow measurement of the analogous coupling constant. 

Inspection of the IH.m.r. spectra of (-)-!!.., (+)-~ (p. 34) and 

{+)-ll1 (p. 60) would lead one to expect a pattern of six lines 

(a .doublet for H-3 and a doublet of doublets for H-4) , instead 

·of the four line pattern observed for (-) ... m. Using the coup­

linq constant (J4,;S- 8.4Hz) measured from the H-S siqnal, and 
1 

asauming that t\te H-4 doublet o~ doublets is upfield, one can 

\ 
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,estimate that the upfield aIlcd downfield peaks fOra"3 and H-4 

respectively should coincide at 6 - 4.84 ppm (the most intense 

pèak). The coup1ing constant between H-3 and H-4 wou1d then 

equal the separation of the twé upfield signals in the pattern, 

that is, 5.4Hz. This implies that (-)-123 also has the ais con­

figuration. In any event a drastic èhange in mechanism between 

the cycloaddition of imine !! (p. 34 ) and of !!! is unlikely. 

In fact, the 90:10 ratio for the two diastereomers was not 

significantly different from that obtained in the case of 88 

(88:12). It appeared, ~erefore, that increased steric hin-

drance did not have as much an effect as we expected by compari­

son of the report of Just and Liak81 with our earlier work. 

In the 1ight of these results, it became of interest to 
J 

eva1u~e the effect of the second chiral center of the starting 

amino acid on the stereochemistry of the cycloaddition reaction. 

Since the ami no acid, L-serine (76, p. 63 ), lacks such a cen--. 
ter, its benzyl ester (f!) is a more appropriate substrate for 

comparison with our D-threonine benzyl ester (!i) than the 

L-serine methyl ester (128) used by Just and Liak 81. 
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The sarne reactions ~hich had,been developed for the pre­

paration' of the threonine benzyl ester d,rivatives were applied 
) 

to the synt~e~is of the serine benzyl ester dérivatives (fig . 

XXXVII) a Be,cause i t was more readily available in larger quan­

tity and at a low~r cost than D-serine, the L-enantiomer (~) 

was used as starting mat~rial. Esterification of BOC-L-Ser64" 183 

(l!L) by Ono's method 69 to give BOC-L-Ser-OBn (1~8), followed 

by c+eavage of'the BOC protecting ,group63 gave the ester hydro­

chloride ?8 whieh had a slightly higher rotation {[CI]0-23 -6.P 

(c 4.5, Methanol)} than that reported by either FOlsch 61 {[~lD' . 
-4.1 ± 0.5 0 (c 4.4, methanol)} or Losse and Augustin129 {[al o 
-4.19 0 (c 4.53, methanol)} .. Silylation70 to give 129, followed 

.:? 

by reaction with trans-cinpamaldehydeSO yielded imine 130. 
~ 

Cyeloaddition as usual resulted in a mix~ure of B-lact~s l!l + 

132 (48% from 129) plus the amide '(+-)-133 (2a%) which this time 

was isolate~and characterized. 

I~ was immediately obvious from the IH.m.r. speçtrum of 

L!l + 132 that an asymmetric cycloaddition ~ occurred, a1-

though with less stereospecificity than for the O-threonine 

derivatives. The marker silyl peaks in the 60MHz IH.m.r. spec­

trum indicated that approximately 25 to 30% of a minor isomer 

was present. Integration of these peaks was less aecurate sinee 

the difierences in chemical shift were amaller. The signa of 

steric' strain were a1so reduced. First, the silyl methyl ab~1 

sorptions appeared as one, broadened singlet and not as two 
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distinct.peaks. Secondly, the AB quartet absorption for the . , 
benzyJ. ester methylene of the major isomer was characte~ized' by 

a vA-vB/J of 0.5, simrrar to the acycl~ç· silylated D-Thr com­

pounds g, !! and 91 (p. 34 ). (AlI of the oeher silylated deri-
1 

vatives in t;hls series displayed singlets rather tnan AB ~ar-

tets.) ,Finally, as mentioned above, the chemioal shift differ-
, 

ences were smal1er than in the D-threonine,$eries. 

Ana'lysis and separation of these stereoisomers b~ HPLC 

proved to be quite difficult. When a Waters 440 apparatus be-
l , 

came available, it was pqssible te recycle the samples threugh 

the colwnn. Even ~o, about forty-flv~ minutes was required for 

e~ch separation. Eventually the ratio of stereoisomt?rs for this 

reaction was determined to be 79.21, and e~ of each ~somer 
was optained to allow the identification of both as optically 

a~tive cis e-lactama. 

The optical rotàtions of these a-lactams, and also their , 
~ ~ 

configurations, reflected the L-stereochemistry of the $t~rting / 
.. 

material but their other properties w,~re as expected. The majlor, 

less polar e-lactam (+)-131 exhib~ted,a positive optical rota­

tion' {[aJ
o

2 3 +62 0 (c 1.4, CHe13)} whi~e that of the minor, more 

polar B-1actam (-)-l!! was. neqative'{[al o
23 -50 0 (c 0.6, CBC13)}. 

The rotation of (-) -li la only an appro~imation &ince there was 

still about 1 ~o 2' (measured by BPLC) of 131.'in the sampl.e. 
" The 'coup1ing const4nt for the~H-3 and H-4 absorptions in the 

200MHz IH.Di.r. apeotra of both stereoisomers wa~ 'S.lHz showing 

., 
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,them to be ,ois isomers. The resul ts of this investigation de-
, 

monstrated that the,s-methyl group of D-threonine (and the 

chiral center to which it is ~ttached) waà of importance for the 

eKt~nt of asymmétric induction, but not for its occurrence. 

Because of ~~pancy between our results with 

L;",Ser-OBn and those of Just and Liak wi th L-Ser-OMe where the 

possibility of -racemization was mentioned 81 , it became necessary 

to ,estimat'e quantitatively the involve~ent of any racemization 

during thè cycloaddition reaction. 

S~nthesis of the b-iologically active 0-2-isocephem (+) -70 

(chapter 1) had estab,lished that the absolute stereochemistry 

of thè. ais B-lactam in the major diastereomer formed during the 

, cy~1oaddition of D~threonine derivatives, was that shown for 

{-)-89 and (-)-123 in 'fig. XXXVIII. Sincè the two chiral cen-- . -
ters in ~he D-threonine'moiety of (-)-~ were eyentua11y de­

stroyed durinq this synthesi.s, depicting their stereochemistry 

{-} -89 ,A· 8n -( -) .. ill ' R· t·Bu 

(+)-~. "-1(1 
~+) -lli R- '·Bu 

pt iq . XXX1J:U l 

-134 R· an 
ill Ra t·lu 

~-~_.-.. _------ .... _-_...--. - --- -~ ---- .~"-~ ~- -- ---
-~ . 
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as in fig. XXXVIII reguired the assumption that they remained 
. . 

?nchanged during the cyeloaddition. This is a reasonable assump· 

tion for the a-carbon. However, sinee the a-carbon of N-substi-

tuted a-amino esters can be racemized under relatively mild con­

ditions 62, 130, it was necessary to 'verify that such tl-protons 

were not removed under conditions leading to a-lactam formation. 

Furthermore, the data so far obtained for the minor isomers 

(+) -90 and (+) -lli (including thair positive optical rotations) 

do not prove that the absol~te stereochemistry of their ois a-
lactam rings i8 the mirror '~age of the "natural" configuration 

(see fig. XXXVIII). It is not impossible that the cycloaddition 

may be giving 100% asymmetric induction with about 10% racemi-

zat'ion; rather than 76 to 80% asymmetric induction as we have 

been assuming. The minor isomers would in that case have the 

stereochemistry shown for l!i and 135 in fig. XXXVIII. 

Undef dry conditions, the only source of protons in the 

cycloaddition reaction is the reagent azidoacetyl chloride. We 

decided -to test the possibility of racemization by using the 

corresponding dauterated reagent. If racemization were to occur, 

then one would expect to find deuterium incorporatisn at the 

tl-carbon of at least one, if not both, sterebisomers. Because 

the 200MHz 1a.m.r. spectra of all thé styryl e-lactams that we 

had prepared showed the a-protons to be clearly separated from 

every other proton, it would be relatively eàsy to estimate the 

extent of deuterium incorporation at the a-position. 
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Therefore, chloroacetic.acid-d 3 (1!!) (supplied by Merck, 
.. 

Sharpe and Dohme) was converted to azidoacetyl chloride-dz 

(1!!) via azidoacetic-dz acid (!!I) essentially as described 

D D :xyo Xr c.y NaN, 
Ni OH 

SOC" • .. 
quMt 74% 

N, 

136 ll1. ... ill 

Fig. XXXIX Ù 
for the protonated compound by Wieland and Hennig 131. The 

azidoacetyl chloride-dz (l!!) showed no absorption in the C-H 

stretch ragion of the infrared spectrum. 

The cycloadditions of Schiff bases!! (fig. XL, p. 69·) 

and ~ (fig. XLI, p. 70) with this deuterated reagent were 

carried out in the, usual mannar, exeept that anhydrous mag­

n.sium sulfate vas present and an atmoaphere of argon was used. 

The special care with which moisture was excluded from these 

reactions seemed to have lawered the amount of amides !iL and 

144 formed (to 22 and 16' respectively from 2S%), otherwise -
the yields were essentially the same .a before. Both ami~s 

were isolated and characterized as well as the two pairs of 

diastereomer., l!! and ~ from O-Thr-OBn, and li! and li! from 
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L-Ser-OBn. The 200MHz lB.m.r. spectra of theae compounds 9~ve 

no suggestion of any deuterium incorporation at the «-carbons 

(within the l~ità of accuracyof the integration, ±lO\). 

The ma.. spectra of all of theae compound. alao in~ica~ed 

that no more than one deuteron wa. incorporated p.~ S-laetam 

product and no more than two p.~ amide •. T~e.e mass spectra were 

al1 taken at different times under onditions from the 
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+ 

non-deuterated analogues. Sinee the O-Thr~OBn B-lactam deriva­

tives were the more 8a.1ly purified, the -16eV fragmentation masa 

speetra'of the two d8uterated analogue. 139 and 140 were run at ,- -
the same time, under the same conditions .s their protonateo 

countarparta (-)-89 ano (+)-90 (p. 34). Only the difference. - -
expec;:ted for mono-d.uterat~d compounds could be observed. In 
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addition, the specifie rot.ations in ch1oroform, of B-lactams 

{-)-139 (-129°) and (+)-140 (+38°), as we~l as of the didau-- -

71 

terated amide (-)-l!! (-12°), were consistent,wit~ those of the 

correspondinq protonated 6-laetams (-)-89 (-130°) and (+)-~ 

(+40°), and amide (-)-!l (-12°). 

Some exchanqe o'f. deutarium ~ hydrogen ~about 20 to 40%) at 

the deuterated posièions of all the deuterated analoques (fiqs. 

XL and XLI) was evident in their respective IH.m.r. (and mass) 

speetra. Most likely this exchanqe involved the reaqent either 
"'\> , 

befor~1 or durinq the cycloaddi tion procas., through traces of 

water in the reaotion med:i,um. Exehange at the position in pen­

icillins (C-6) equivalent to the C-3 of these monooyclic B-1ao­

tams i8 usually accompanied by epimerization 132 , a proeess not 
. .' 

detected in our case. Exchanqe without epimerization has recen-

t1y been reported by C1aes ,t aZ 133 in the S-aulfoxide of Pen-

H D H 0 

p"oyJtV<' : p o ·H + 
: 
taoln 

12 hr 
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icillin V bensy.l ester C.~), but u~der more strenuou's conditions 

relative t~ thd~e of our c:ycloaddition. ~eaction. 
,. . 

j The lack of deuteriwq incorporation at the œ-carbon of bath 

the D-'1'hr-OBn and the L-Ser"OBn derived B-lactama incUcated that 

x:-acamization wa. not ocourring' durinq the cyoloadd,ition. il' What 

then w4S happ_n.1nq dur1ng the cycloadd;1tion with the L-Ser-OMe 

derivative reportedJ by Ju.t and Liak? 
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To find an answer to this question, we prepared their 

Schiff base 111 (fig, XLIII) and reacted it with azidoacetyl 

chloride-d 2 (1~8) in the usual manner. The resulting solid was 

separated by flash chromatography86 into amide li! and a sol~d 

, , 

-- -- ... -

the marker silyl peaks, methyl and tert-butyl(, and one of them . t 

upfield from the methyl ester signal. This suggested that the 

reaction did indeed proeead asymmetricallY. AS for the L-Ser-OBn 
o 

a-laetams (p. 65 ), separation of the two diaatereamers by HPLC 
( 

was an arduous process. After a r~ention time of about one 
~ 

hour, we observed an isomer ratio of ~8:82. In th~~~~ 
. 

major isomer !!! was more polar than the minor iaomer l!!, in 

'contra st with all the other pairs of dias~eream.ra. This ratio 

cannot he conaidered significantly different,from those obtainèd . , \ . 

{ 
1 , 

! 
l 

1 , 

\ 

for the L-s~r-OBn series because of the diffic~lty of separatinq ~ 

the amide from the mixture~ Althouqh great care\\was exereisad, 
~ 

the inclusion of a small amount of a-lactam material with the 

amide fraction (or with ot~r, less p~lar impurities) could 
. . ..... ! 

easily skew the ratio in favour of one or the other isomer • t . 
1 

A small amourit 9f the màjor isomer ,Ii! was isol~~ed by HPLC l 
&bd eha~acterized. Sinee this material was a solid, it was 

. \" 

po8.ibl~,to c~.talliz. major isomer !!! directly out 

also 
1 

of the mixt 
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-ture'of e-lactarns. The mother liguor con~ained a ratio of about 

40:60 of minor to major isomer, making it .easier to-isolate the 

minor isomer l!Z by HPLe. The 200MHz lH.m.r. spectra of bath di­

astereomer. aga in showed no sign of deuterium incorporation at 

the ~-carbons. Although a reasonable quantity of reerystallizèd 

major iaomer 148 was now a~ailable, it was not possible to detect .-
a significant, reliable rotation for this compound. We have re­

corded a value of [0]0 23 _1° (e 2.5, CHC1 3) only because the re-
, 

sults of measurements using two~olarimeters consistently gave 

very small negative values. It would seern that the s~~;~~~n­

tributions of the three chiral centers in this mol~cule cancel 

each other. Any produet with auch a small optieal rotation eould 

easily be mistaken for a racemate. Because the separation proved 

to be so difficult, no attempt was make to collect enouqh mater­

ial to datermine the optical rotat~on of the minor isomer 147. 

That L-Ser-oMe also resulted in two diastereomers with no 

deuterium incorporation at the a-carbOn demonatrated that raee­

mization did ~ occur~in this reaction either. The ratio of 
~ 

B-lactam diastereomers resulting frem cyelôaddition with azido-

acetyl chloride ia, therefore, a measure of the amount of asym­

matrie induction, and the amine acid residue in each diastereo-

mer retai~. the original stereochemistry of the .tarting a-amino 

acid. WQen that starting material was an R-amino acid, the 

stereochemistry of the oie B-lactam ring in the major stereoiso-_ 

mer ia the same as that of the natural.penicillins and cephalo-

-. ' 

f 



( ) 

- ~ - ~--~----~ --;------ - ----. 

sporins. That of the minor a-lactam isomer has the opposite 

configuration, as depicted throughout this work. i 

75 

After the completion of these studies, sorne publications 

have appeared which contribute to our overall understanâing 

of the factors influencing the 'stereochemistry of the azido­

acetyl' chloride cycloaddition. Table 3 (p. 76 ) contains a 

list of these reactions (items 5 to 8) in comparison with our 

own results (items l to 4). Only cis a-lactams were reported, 
, 

probably because ~ll the reactions, including oU,rs, were carried 

out with N-alkyl rather than N-aryl substituted Schiff bases18~. 

The diastereomeric ratios obtained for these cis a-lactams suq­

gest that they are sensitive to the distribution of starie fac­

tors in the whole Molecule. The effect of the fol19win9 struc­

tural Alterations, with respect to the D-Thr-OBn derived Schiff 
> 

base 88 (Table 3, item 2), are illustrated: 

a) the absence of a bulky alcohol protecting group, 

b) the absence of substituents, at the a-carbon of the startinq 
J • 

aml.no acid, and 

c) substitution of the a-carb6xylate ester. 

The results of these reactions also demonstrate that a chiral 

center is a necessary, but not a sufficient.aondition for 

asymmetric' induction, 
. 

This last statement, and the effect of not having a'bulky 
• 

alcohol protecting group,·were amply illustrated by th~ résulta 
, 

of Bose, Manhas ànd their eoworkers 87. They described the 

-==-""'.""'.i...,~j--" ____ "--__________ ""~-""""'-'I-:-':..T'-

, 
", 
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Item Inne No. 

1 ~ 122 

2 \! ( 88 

~ 3 111 -
. ~ 4 ID.. 

~ , 
5 lS9 

. . 

~ 
. 

6 .il..! 

1 ~ lli 

" .,. 

~ 8 U!. . 
, . 

cis 6-Lactama 
Major Minor 

• 

90 :t2 10 . 

. 

88 :t2 12 

. 
82 :t2 18 

79 :t2 21 

70 30 

S4 46 

51 49 

1 

50 50 

76 

Reference 

. 
ch. 2, 

p • 60 

1 

ch. l, 
po' 34 

ch. 2, 
p. 73 

ch • 2, 
, p. 64 

137 

, 

134 

135 

81 

, 

1 

j 
f 
i 
1 

( 1 

1 

, Table 3: camparison of !mine .tructure and ai. S-lactam ratios. 
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cycloaddition of the p-nitrobenzyl ester of N-cinnamy1idene 

O-threonine (!!i), the a1cohol group of which was not protected 

in the usual vay. They specu1ated, however, that the hydrogen 

! 
bond formed betw~en the ester and the a1cohol group vas strong 

enough to afford protection under the mild conditions used. 

~~ >-""") 

149 

NEts 

N,CH.Coea 

10;' 

, , 
, .. 

Ph 

+ 

1 : 1 

lS0 

Even though two chiral center. vere present in the starting . 

material, the two diastereomera 108 and lSO.vere ·formed in - -
about equal quantiti.a (Tabla 3, item 8). This is in complete 

contrast to our r.aulta (an isomer ratio of 88:12) obtained 

uainq the larqe t~Jlt-butyldimethyl.,ilyl alcohol protecting 
\ . 

group (TAbl. 3, ie.- 2). / 

The impo~taDC:~ of e:"c~rbon aub •. tituents in the .taz::ting 

amino ~.r on the co",r •• of the r •• ction. ia·'demonatrated by the 

work of OjimÀ .t cz"z 13"-136.: thia group na int.r •• ted,~ in th. 

: 

1 
1 
1 

r 
1 

, " 

1 

1 
1 

! 
1 
1 

1 

1 
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151 RaM. 

1S 4 Ra t·Bu -

~oel 
75-11'/. 

ill R • Me 54 : 41 

lli R • '·Bu 51: 49 

1) HJPd.2S'C 

?JAcCl 

~HJ"';$"C 

H H 
N~': Ph 

. . 
~ 

o 
COOR 

lS;S "aM. 

ill R -,·Bu 

vH./Pd,2S·C 
~AeC. 
~HI/Pd,5"C 

78 

N-Ac-~~Phe-L-Ala-OMe N-AC-~-Phe-L-A1a-OMe 

Fig. XLV 

, 

preparation of oligopeptides by the hydroqenoly.is of 4-aryl-

2-azetidinone. (.uch as Ii! and )A,;S~: The diastereomeric ra-
'"' -,/ 

tios of the S-lactama were onl1reporj~ for the reactions in-

volvinq-the methyl134 and t.~t-butyl135 .sters of N-benzylideneJ 

L-alanin., 1S1 and 154 r •• pectively. Th.ae Seni!! bases eon- > - -
tained no B-carbdn sub.tituent, ~nd on cycloaddition,with Azido-

a~tYl>chlorid., yielded.ratioa of at.reei.omers (repre •• ntinq 

re~ative i.olated yielda) equal to 54:46 and 51:49 reapectiv.ly 

(Table 3, item. 6 and 7). 'th •• e ratio. are virtua11y 1·:1, in­

dicatin; that no aa~tric induction took place. The respec­

tive atareochemiatri •• vere a •• iqned by ch~cally ~+latin9 the 
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a-lactams li! and 153 to the known'dipeptides 1!! and 158 as 

shown in fig. XLV. 

Subsequent work by Ojima137 has shawn that tpe lack of 

a-carbon substituents can be offset to a certain extent by sub­

stituting the carboxylate ester with a phenyl group. The reac­

tion of the aryl Schiff base of (+)-~-ph~ne~hylamine 1ft yielded 

a ratio of diastereomers equal to 70:30 (Table 3, item 5). The 

0'" 

+ 
0 ... NEt, 

Fig. XLVI 

stereochemiatry of the 8-1actam ring in the major isomer ~ 

(determined as for the L-alanine derivative. above) proved ~o be 

that of the natural penicillins and cephalosporine. On the ba­

ais that the carbon atpha to th. &minr in.!!! has the R~confiq­

uration, we' would have prëdicttcl the a.e atereochemiatry. '1'0 . , 

what utent the 3, 4-dimethoxy groupa of the aromatic Aldehyde 

moiety in 159 al.o contributed to th aaymmetry of the réaction, -

/\ 

1 
1 

l 

l' 

1 

, , 

1 

r 

l, 
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cannot be determined hecause the reaction with a benzaIdehyde 

moiety has not been reported. 

'!'Wo further re'sults described by Bose, Manhas fit at 87 in­

dicated that the bulk of the acyl chloride rellgent itself can 

contribute ~o the stereochemical.outcome of the reaction. In 
( " 
\,~-

ClCOOlt ~ 
--+~ &·~Â.o 

NEts 

o t 

li 263 

P\ 
:t: NIts 

NsCHrCOCI 

(:t) -J49 (±)-ill .. 

10 : 40 10 f, 20 

Fig. XLVII 
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2) When the a-chiral center has the R configuration, the stereo­

chemistry of the major S-lactam diaatereomer i' the same as 

that of the natural penicillins a~d cephalosporins. 
l 

3) Racemization of the a-chiral center does not occur during 
'. 

the cycloaddition. 

. 4) When the imine is derived from an a-amino aci~, the size 

of the carboxyl protecting group has little or no effect on. 

the stereochemica! outcome of the reaction. 

5) Increased asymmetric induction i. obtained when the a-carbon 

ia ~-sub.tituted with at least one bulky substituent • 
./ 

6) Increa,ed asymmetric induction can be achieved by substitu-

tin; the azido group of the ACy! chloride reagent by a bulkier 

group, provided it also promotes ois st~reoselectivity. 

7) Sulkier a,S-unsaturated imines as auch, or in combin4tion 

with other bulky groups on the N-substituent, May also lead 

to increased asymmetric induction. 

.' 

_. __ ~z_ ~ ____ ......... , ___ ---...* ..... _--.... __ ....... ~ __ ~ 
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CHAPTER 3 

The studies earried out so far have shown how a 3-amino-

a-lactam with the stereoehemistry of the ,natural penieillin 

and eephalospo~in antibiotics May bé obtained. Because of 

the predominance of non-erystalline intermediates and the 

neeeasity to purify by chromatographie methods, the synthesis 

outlined in chapter'l is not readily applicable to economleal 

industrial processes. Furthermore, the O-amino acids are rel­

atively expensive starting materi~l.. Ideally, we required an 

inexpensive material with stereochemistry structurally reiated 

to that of O-threonine', functional groups suitably sltuated 

'for the eventual elaboration of the 0-2-1socephem ri~q system 

and the potential for producing réadily purified crystalline 

a-lactams in hiqh yield. 

Inexpensive carbohydrates, ara· flndinq more and more 

applications as chiral template.l~1,142. Sines their chem­

istry is well-documented, we thouqht that a startinq material 

which would fulfil our requirements miqht be found amonq them. 

The MOst readily available amino carPohydrate la D-qlucosamine 

hyàrochloride (l67, R - H, fig. XLVlII, p. 84). The structure -

1 
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and the 8tereochemi8try about carbone 2 and l of lB7 match thoae -
of 'the a- and a-carbons of· D-thraoriine (71 r . Thare ia a180 an 

J 

~~ H·· '.-ëoo-
HaN 

H + . 

71 D-Threonine -
OH ~ NO*t-. H 

H' HlM 
+ 

CI-

167A -

-

167 D-Glucosamine ca - ~) -

(, 

anomarie center (a hemi-acetal) which May latar'be converted to 

an •• ter or a carboxylie acid. This anomeric center, as is , 

well-known, allowa the existence of two conliqurations" an 

axial a- (.!!!!) and an eq~at~rial 8-.D~ ~q?B). An addi­

tianal IItereo~heaic.l factor U ther~y -:4e, ~ailabl. for a 

atu4y of its,influenca on the aycloa4dit1on react1on. 

Meth048 exiat for the format!pn and •• paration of v~iou. 

Q- and S-glycosides of ~luco.am1nel~36 14~: Qut, for our pur-

, Q 

'.., 

, , -
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. ~ , 

poses, it was considered more desi~1e ta synthesize each 

anomer by specifie methods. A search of the literature indi­

cated that such a goal wou14 be readily/ attainable for the 

a- and B-anomerie aoetates. This in turn made the ohoice 

protecting groups an sasy one, sinee many methods for the 

cleavage of acatyl groups are known 145-148 
'-

Because the 

B-aeetate appeared ta be the more ea8i1y obtainab1e aname , 

it was synthesized fir8t. , 

In 1931, wheri Berqmann and Zarvas 'rat prepared ,the ani­

,sylidene Schiff base of O-gluctlsAll\ine (!!!.) 149, they deduc.d by , 
chemica1 means, that the tetra-acetylated imina !!l. consist.d 

of the 8-anomer exclusively. It was not until 1973, how.ver, , 

H~ H • NaOH 
. OH • 

NH.+ PhCH<HCtlO 

CI-
, 'TS~. 

Ra-Q--o- 169 16'1 , li..! --
1'10 R*-p 171 - -

Il 

. / 1 'la "11 ~Ph 1''13 - -
--

1 
. , 

Fi,. XLIX -
1 

'1 1 1 
-J 1 

1 
'. 

1 " 

..... 

1 : .! 

~ 

,~ 

'1 

'\ 
J 
/ . 
i . 

,,-ft" 
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that Panov et aZ 1SO showeti by lft.m.r. studies in~DMSO-d6 that· ) 

the unprotected imine 168"iand also the salicyl;l.dene ana..logue - . o 

112) was i tself fo~si vély as the 8-anomer. In the 

region of the lOOMBz IH.m.r. spectliUlll (& 11& 5.~ t~ 7 ppm) where 
-, ) 

the anomeric hydroxyls were expectad to absorb, there was only 
l fi> 

one proton signal wh'ich was exchangeable in' D 20' For both 
- , 

imines 168 and 170, this' vas a doublet (J. 6.5Hz) at ~ • ,6.75 - .--- ~ , 

ppm1SO •. This corr •• ponded well wi~h the datà obtàined by Casu 
( 

~t aZ 151 for the a-anamera pf a variety of monosaccharides 

(cS • 6.3 to 6.6 ppm" J • 6.0 to 7.0Hz). 

Similar results were obtained for the cryàtalline N-cinna-
.. ' 

mylidene Schiff base o,f D-glucosamine (!!!) * (fig. XLIX) which 
~ . 

we prepared in an aqueous medium by the method,by Berg.mann,and 
, , 

Zervas 149 "\ ,The only signal eXChang~aJ:)~~ in D20o,appea ng in 

l ' the relevant region of the 200MBz H.m. r. 

a doublet (J - 7Hz) at' ô • 6.60 ppm; 

spectrwn._ of _ as 
.. l'/~ 

<r.·,1' 
• 1 

peracetylation of !!! with ac.t~e a~ydride/pyridi 

forded the cry.tall~ne 8-ace~ate lli~ the 200MB,z lH.m.r .. spec­

trum of which vas consi.tent with" the lOOMHz lB.m.r. spectra 

published for 19: and m lSO • Our proton assiqnmentsl were made 
t 

in, accordance vith the se apectra.. The a~ollleric proton appeared 

. . 

*A f~ldabl. flow ebait~i. available i;)~ix.III. wh~ch illu­

strate. the relevant reaction8" and"{ê:ompounds' of this chaptel:'. 

1 
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1 as a doublet a.t 6 • 5. 95 ppm (J • 8. 5HZ) • 'l'his ia tYnPical of ' 
~ 

, a-acetates in which shielding i5 inoreasea and l~rger coupling 

constants are observad in ~mpa;ison wit~ 'cs-.. cetates1S3 • No, 

absorption, characteristic an a-acetate, was obaerved. 

The cycloaddition of 11- with a~idoacetyl chloride (in 

contrast to the amino acid derivativesy gave.-a 95% yield 9f 

'crystaljine 1 B-lact~ material. Unfortunately 1 analysi. by BPI,.C 

showe~'that the two diastereomers l1! and ll! were present 'in 

a, +. 

ra] +14S~ 49.: S1 

(+)-114 

" 

P~'-o 
H~.~ 

H N , 

(-)-ill. 

equal amountl. Chroma tography proved to he unnecessary, how­

ever, for the .eparation of theae two stereoi.omers. A suffi­

cient quantity of each diastereomer was obtained in a pure 

.tate by the Pa.tèur~me1!hod 154. When th.- mixture ot 8-1actams 

was crystallizad, two dist/inctly diflerent types of cryjtals 

,/ 

i 

'Y 
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\ , 
'-~~~'preduced ••• needles and rhomboh8dra. 

pY 

Large rhcimbohedral 

. crystals w~re' ea~ï.li. separated fJ:?m the, mi~t~re by )land. Then J . , . 

~o~e need~es, still. obvioully part of radiating clusters f
, wér.e " " 

'coll~c~d. ,The needl~~ were identified'by HPLC as th. lels 

"polar isomer (+r-l!! {(a] 023 , -+145'0 (e 1. 5, œC1 3)}, ând the 

, ,'rhOmbOheJirà '~s the, more p~lar isom:r .(-) -~ {[a] D2~ . -40 0 

(.c 2,' Caèl 3 ) L' Thé 200MHz IH.~.r. spectra clear'ly snowed 

both 'diastereomers to be ois B-laetams (J31~1 • 5.~Hz). Th~ 

different .stereoche~istries shown in fig. L were ~ssigned ~a~er . 
- ) 

when the data eoutd be eompared with tho$e obtained fr.om.the 

eorre'sponding a-anemers. 
1 l " 

Sinee we now kno~ (ehapter 2, p. 75 ) that tqe presence 
.' . 

of chiral centers pe~ se is not necessarily enough to induce 

asymmetry durinq the cycloaddition, examination of a molecular 

model of 173 can explain the above result. 'The groups whieh 

would be expect&d to havé the largest effect on a reaction at 

the imine are the C-l and C-3 acetoxy groups. In 173, these 

groups are disposed "synunetrically" relative to the 'reacti'on 

center. In the a-anomer, t~ere ls spatial ~dy •• ymmetry" about 

this center. lt was, therefore, of intereàt to determine the 

behaviour of the a-anomer durinq the same reaction. 
1 

1 
1 

The preparative m,ethod selected for th"is anomer was (in-
, ' 1 

spired b~ the report of Sina~ et aZ 155 who deseribed th~~or-

mation bf the ~o~ium PTehlorate salt 178 (fig. LI, p. 9~ ) 

by addition o~ perchlori acid to the kn::: 2.~ethYl-OXaZoline 
1 

'\ 
\ 
\ 

1 
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Ac,n-......... ' +\ Ae0'j'l 

.,,( J ' 

ill 
178 -

X=CI 

X· CIO. 
, 

179 
-:--

The lH.m.r. spectrum (in DMSO-ds) of 178 dis--
played a doublet at 6 - 6.24 p'pm with J = 4HZ, indica'ting 

that the aeetoxy group at C-l was in the ~~.Q({"nfiguration. 
""""'~...,..::. ... 

- ' 

When we treated '2-'!lethyl-0J;Cazolinè' !!! with lN hydrochlori.e 

acid, the la.Ym.r. sP.ee~r'um ~DMSO-d6) of' the resulting. salt 

11! a1so d1splayed a doublet at 6 • 6.25 ppm with J • 3.5Hz. 
" , , 

In methanol-dit', this, doublet occurred at 6 - 6.35 ppm (J - 4HZ) • 
; , 

Sinee this speetrum showed better resolution,. it was'the one 

reported in detail. Th~ melting point and infrared epectrum 

of 177 were consistent with tho.e of the ammonium chloride . , 
salt pre~ared by Micheef~t aZ 1S8 , althouqh we recorded a 

highér oPt~cal rotation,{[a]o23 +146° (c 2, water) V9rBUB 

+130 0 fc l, water)}. 

Formation of the.N-cinnamylidene Schiff baae l!! required 

initial neutralization of the salt 177. In order ta avoid the . -

.. 

r ..... : 
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. " 

.posaJ.bility~ of· transacyla,tion within the basic amiri~ inter- " 
.r , 

mediate~ the salt wa~ added·to ~,cold mi~ture of cinn~ldehyde 
.. 

and sodium ac.tat~~' This resulted in 'an almos~ quan~itative 
"\ '" " .. 

t> (). 

:,ield 'of ,.'cry'stalline ,~chiff ~ase 179. Later r it ,wa~ ,~Owid.f' '~t 
the addition cif' sodiUlll acetate'I~Q a mixture of the other t 

.. .. .' -~. " ">. \ • t ~ • • 

re~génts (~more.conven1ent procedure)' nad no adverse a.ffect on 
, .. • l .' , , . - , 

, the 're~c:::tion. ' No N-acylated by-produc:::ts èou~d\ bt! cletecte<l'. 

r;-:e~tment 'of S~hiff ba~eQ m,with a'Z,i~>(i:etYl chlor~de~ 
• J ~ .. ~ 1 ~ 

again qave a 9~' yield of solid. e-1a~tam. material .. This l:ime-, 
.. 1 ~ ~ .. \ 

analys!s of the èrude" pr~~ct by., HPLC showed t.llat. fhe, tvo 'dia-
r ' t 

, J 

stereomers 180 and 181 had formed in a 'ratio of 85:'15, vith the 

ma\or', i~O~~; 180 b'éinq the lesa p~1a~, ,one. T~ià 1somer' ~as ' 
. ,::- . ., 

very eas,ily iso,lated ,in aJ50ut 75% yièld by t.aking àdvantaqe of 

soiubility clifferences .. ' Once the polar '1mPuritres wêre removed , . . 

1'19 -

: 

Nlt,I-"Oc _ 
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n 

+ 
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(+)-180 

, 
,.. 

AcO 

H . • 14, 

(cx1 +10' 
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from the crude product by filtration throuqh siliea'qel, 

triturat'ion with anhydrous ether" filtration and récrystal-
li 

91 

izatton 7eadilY yielded the.pure major isomer (+)-~ {[al D
23 

+lSlJ, (e 2, CHC13 ), J 3 , .. , .. 5.2Hz). The amorphous solid re­

maining oould unfortunately not he crystall{zed. Nevertheless, 

" flash ehro~toqraphy86 allowed the separation in.pure form of .-
enough minor'isomer (+)/-181 {(a]D 23 +10 0 (0 4, CHC13)' J3'It'" 

5.1Hz} for characterization. 

In order to obtain some idea of the S-lactam' stereo-

~ chemistries of these- two isom,rs, qualitative optic,l rota-

t~ry dispersion (O.R.D.), curves of dioxane~olutions were 

oht~ined and compared with that of the ~-lactam (-)-!!, de­

rived from D-Thr-OBn (chapter 1'; -P: 34) 1 the stereochemistry 

of which has already been established unequivocably. The 

styryl group was the most useful ohrqmophore here"as the 

e-lactam absorption was swamped by a11 the esters present in 

):th H ft )=Ch " 

183a -. R. H ll!!!. 
1l.1!! R- Me 183b 

these ~olecule8. Rehlinq and Jensen 1S9 reported a Àmax of 

262nm for the two 4-Phenylazetidino~ !!! ana!!!. sinee 
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dinnamï~ acid has a ~max of 273 nm 160, the §tyryl group wou1d 
'1 r • 

be expected to have a >. somewhere between 260 and 270 nm .. max . ' , , }' , 
Indeed both (+)-180 and (+}-l!! showed Cot~on effe~ts. in that 

region. The major diastereomer {+) -180 .exhibi ted a~negative,' - - . ., 

Cotton effect with a trough at 272 nfu and a peak at 244 nm, , 
f~ • J t ,. 

whi1a the minor diastereomer, (+) -181 ,gave a ,po's.:i'tive affect 

with a peak at 272 nm and a trough at'244 nm. B9th ,a~pear to 

give à >. at approximate1y 260 run.· The O.R . .D. 'cùrve ot' the max 
'11 

D-Thr-OBn derivative (~)-!! proved ta hesomewhat comp~icated. 
{', .., \' 

It consisted of a trouqh at 270 ~, El peak at 265 nm; ',Îli tro~gh 
{/ 

at 255 nm and a peak at 245 nm indicating" ,a negative Cotton ef­

fact .. Thereforè, the jl-lactam ring ,in (+) -180 ',was assigned ~he 
, 

sta'reochemistry already estab1ished -for (-) -89 .(chapter 1) , . that 

of the natural penicillins and cephàlasporins. 
. . 

With the data now availab1e, the stereochémistry 'of the 

isomer 

1 '14 

180 

1 ?~ 

181 

TABLE 4: 

, . -, 
[a] 0 23 re1;ention time , page 

~ 

+145 0 20 min. ~7 

+151 0 , 21 min. 90 

- ,25 'min. 
1 

87 -40 0 , 
1 

/ 
+1-0 0 32 ' 1 90 

- ml.n, • 
1 

N-(2-AzetidinOnYl)-D-glUCOs~inef'stereQiSOmers. 
! 

! 
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./ 
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, / 

. 
, 

, (non-polar) (Eolar) 
. 

, 

proton <174(6) 1 flO (CI) lliClH ' 181(a) "- - -, 
i 

• . , 

~ A (CH=CHPh) 6.83 6.73, 9,- 77 ' 6.68 
'" " 

B (CUCH=iI'CH) 6.02 6.03 '6.22 6 ;18 
, 

,. 

X (H-4' ) 4.55 4.53 4.31 4.39 . . - . • , 
-

y (H-l') 4.73 . 4.66 4.76 4.77 , . , . r 

, 
TABLE 5: Comparison of the 200MHz lH.m.r. '.hift, of the S-lac-

tam and olefinic protons of 174, 17S, ~ and 191~ 

B-anomers 174 and '175 could be assiqned by'comparison with the . . 

a-anomers 180 and 1.81. Both of the less'polar isomers 174 and " - - , -
180 had very similar, positive optical rotations (Table 4, p'. 92) - , ' 

.. J. - .. 

/, which were markédly different from those ~f the two' polar iso­

mers 175 and 181. On this hasie th~lacr:t:am ring: in 11~ was 

aSS~qnJd thè'~tereoChemistrYOf~, and ~7~ that ot 181. ~he . 
200KHz lH.m.r. spectra of:the'az_tidinonyl and olefinic protons 

1 • 

in each of the f9ur steroisomere ,supported' this J correlation. 

The coupling constants amonq these ~rotons varied very little 

from on, s~e~eoiso~er to another. The chemical shifts (Table 5) 

did vary, ho'wever f creatinq patterns which cou.ld be divided into 
> ... , ' 

• 
two,pairs, 1l! + ~ ~nd 1?S + 18i. The spectra of the carbo-

h~drate moi~ties were as expected for 2-acylamino-glucopyranoses, 
1 

\ 
1 

\ 

\ 

\' 

. ; ---::-.:--.--t-~----_·_, - --~-.-._--\..---. ---

1 
1 
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.t. • ~ , 

8-1, H-3 and 
" ' 

'> 

H-S ,b;ing'deshi~lded'in 'the' a-a4omers in çompari: 
J < ' , Cl ." _ 1 1 \ t~, " 

B:'anomers153" 161.. "" . " ' ., .: 
• . 

.. Ali of the evidence for,,;,the sterepchemistry' of ~he major 
, " l ' ) y ',~ 1 

diastereome~ - C+) -~o suggest~,' that ~e are d1!aling' ~ith th~ , ( 
/ \ • \1 ; • 

stereoisomer related to the bioloqically aètive a-lactams • 

Final pro~f would be provided by its transformatio~into an 

atrOP~.iat~ 0--2~~socePhem. .• 1l, A~SO! in, view of the economy and 

e se'withGwhich a large amount of the a-lactam intermediate 
" 

wit~ the.tentatively correct configuration could he prepared, , . 
suitapÎe a1teration of the carbohydrate portion would he 

.attr~ctive,from the industrial starldpoint. 

An,appr~ach.analogous to that outlined in chapter 1 was 

envisioned (see fig'. LIlI, p. 95 ); that is, formation of 

mes'Y~ate 1.§l.., 'deprotection of i ts carbohydrate l'0rtion te 

give the polyol 184 and, finally, transformation of the carbo-
, --- . 
hyd):ate into a species ill resembl,ing enol !! (p. 41 ) , 

perhaps by periodate cleavage. The preparation of mesylate~ 
" . l!!, hOwever, was not as trivial a matter as it had originally 

appeared . 

Our first attempts were directed towards obtaining the 

primary alcohol 188 (fig. LIlI) directly from the styryl 

B-lacbam (+)-180 (as in chapter l, p. 41 ). Treatment of 

(+)-180 with ozone in 2-propanol/dichloremethane, and then 

w'ith sodium borohydride adsorbed on alumina (NaBH 4 -Alox)93 
0_ 

for two hours gave an amorphous solid-which exhibited no 

,/ 
_/ 

'. 

il ... , 

-._._-,-.--,.--- -------
.'~ ':,"., <i., , 
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t . 
clefinie protons,'a small 

. , 

. , 

188 -:R!!!M -
189 R-" 

1 
: ;., 

-
.' , 

OH 

orption', and an equi-

95 ,f 

valant ~unt of aromatic,protons'in i S IH.m.r. speetrwn. 

Even after chrom&toqraphy, however, ,th' aromatic protons vere 

still pre.ent. Sc vas the small aldehyde absorption. Beeaus. 

the Aldehyde, if pr, •• nt, may have been hydra~.d, the product 
.' 

was heate4 under reflux for one hour in benzene usinq a'Dean-

! '­
! 
1 • 
" 
1 

1 
1 
! 
r 
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Stark trap. No significant increase in the rlH.m.r. a~dehy~e 

signal .occurred after this treatment. Furthermore, t.l.c. 

indicated that .this material bro~e down slowly~to give a more 

polar compound, and a non~polar one with the sarne Rf as ben­

zaldehyde. This information, coupled with the reports of Just 
. 

and ~iak81, and Oh 162 , led-us to conclude that the product was an 
. 

~usually stable ozonide 186. This was confirmed by isol~tion 

c 

AoO 

H N 
1 

(+) -ill 

-7o'C 

li 
286 

1 

J 
of the same IllAterial immediat.ely after ozonolysis of l§JL in 

diçhloromethane in the absence of any alcohol or reducing agent. 

Reduction of ozonide' !!! with NaBH~-Alox93 overnight gave 

several, more polar products which, at that time, were ascribed 

to deacetylation. Reaction of l!! with dimethyl sulfide for 

twenty-four hours at room temperature, ,however 1 gave only one 

product, the Aldehyde 287. This crude material was. about 20% 
6':' 
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hydrated, as stlown,by t~e 60MHz IH.m.r. spectrum. The 8-1 
, ~ 

and 8-3 absorptions Of the carbohydrate residue in the hydrate . . 
(5 • 6.3 and 5.8 ppm, respectively) were clearly'sep~ated 

J ~~ 

from those of the Aldehyde (6 • 6.18 and 5.3 ppm, respec-

tively). These signals disappeared afterOan hour of heâtin~ 
. 

under refl~.in benzene usinq ~ Dean-Stark trap, and a ~orres-

ponding increase in the Aldehyde signal was observed. 'l'he 

doublet of doublets at 6 = 5.8 p~m was assiqned to H-3 of the 

hydrate by comparing its spectrum with that of alcohol 188 

~roduced latar (p. lOOk. orying the crude Aldehyde 187 in - . 
vacuo over phosphorous pentoxide for eighteen hours followed 

1 

by rècryst~llizAtion, yielded a product which appear~d to be 

resistant to rehydration. 

A large scale version of this reaction yielded 65% benzoic 

acid along with 89% of the crystalline product. Sinee dry di-

chloromethane had been used, it would Bearn that Most of the 

aldehyde.was not produeed by reduction at all, but by deeom-
T::'·· • 

-' position of the ozonide to qive the zwitterion 1!Q which sub-

sequently rearranged to benzoic aeid 1G3 • Sorne benzaldehyde 

!! 

P;lOH 
,. 

+ - -
~O ...... Pt"'''''O''''° ....... 

+ 

190 

) 

Fig. LV -
; . 
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was formed, however. This ma~ be the resul t of ei ther slow 
r 

reduction by dimethyl sulfide or reaction of the ozonide 

with traces of water to release hydroperoxide 92) 163J 164. If 
, 

the latter path is followed, then the presence of some Jcind 
~ 

of peroxide scavenger is a necessity. 

OH , 
RettO ... P~OH ,. PhCHO + HtOt 

~ HtO / 

~~ , OH 
PhCHO 

+ ~OH ~ RCHO + HPt 

Fig. LVI 
--.-or 

Initial attempts to reduce aldehyde 187 to alcohol 188 - - -

98 

(fig. 'LVII, p. 100) with lithium tri-tept-butoxyaluminohydride 

(LiAI <'9But) 3 H) in tetrahydrofuran gave no apparent a1cohol 

formation even after stirring overnight at room temperature. 

Heating under reflux for -an hour af\er the ,addition of excess 
... 

reagent aiso caused no change. Only after more th an thirty-
.,t,. _. 0 

six hours at room temperatur~_ did any alcohoi product appear 

to be formed. By this tinte, polar material was also building 
o 

up, most likely as a result of azide reduction and/or a-Iactam 

ring opening. Since alàehydes are normally reduced easily by 

LiAI (OBut ) H 165 this resistance of our aldehyde may have 
, 3 ' /.l' 

been caused by a contbination of two highly hindered species, 

--_ ..... -.. _--... -----~-- - ."...-- ---,..----:; ~.---- - .......... -....-",....-._-----

l 
1 
f 

1 

1 
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.the reagent itself and aldehyde ill. 
, 0 

Further evidence of 
ll~ "t'!~ 

the hindered nature of the aldehyde environme~t was obtained 

when a small quantity of ozonide 188 (fig. LtV, p. 96) was - \ 

" treated at OOC for three hours ~ith LiAl(OBut )3 H. Less than 

50% reaction occurred (t.l.c.). After wa~~ng to room tern­

I perature, it took another three hours be.fore all of the 
, 

ozenide had been reduce~ te aldehyde. These reactien time~' 

are rnuch longer than those usually reported for such reduc-

99 

tio~s. Ozonide reduction by sodium borohydride, a reducing. 

agent of similar strenqth 166, is generally complete after two , , 

heurs at low temperatures (-70° te;:> 0IOC) 50) ~l.l 95. Aldehyde 

reduction ;y LiAl (OBu t)3 H c~n be accpmplished within three 

hours at OOC BI 1 and ketone reduction\ w~thin thirty m~es 
" 

at SooC 167 • 

The borohydrides are amonq the least hindered reducing 

agents, so a secon~ attempt was ma~elto synthesize alcohol l!! 

from Aldehyde 18? with sodium borohydride adsorbed on alumina -. 
(NaBH4-Alox)93 • \ In an effort te elirninate Any possible deace­

tylatien 1 a 2: 1 rR.lxture of NaBHI+ -Alex and anhydreus magnesiurn 

sulfate 168 was used in an apretic medium. --'Thin layer chroma-
I // 

tography showed that a pOlar preduct was being produced and 

then tran~for,med te another compound just slightly less polar 

than the startinq ~],.dehyde. (This 

during ozonide reduction with this 
-.~ 1 ~ 

was no doubt also o~currin: 
1 •• 

reagènt. ) These twd p~oducts 

were isolated and identified. The more polar preduct proved 
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to be -the expected primary alcohol l!!. The less polar pro­

duct contained no 8-1 absorption çharacteristic of an anomeric 
, , 

acetate in its IH.m.r. spectrum, but it still had four acetyl 

g'roupa. Azide and B-~~ct,am absorptionS" ttera a1.0 present in i ts . 

infrared apectrum. A study of a l1).olecular model of alèohol ill. 
C> 

DMAP. 

~ 

AOO,-----t-.L._ 

+ OH 
N .. ~ H • 

HO. 
N, . 

32% 

191 -
l'lMtC, tO,. ,NEt, "'/.1 ActO • prr 

OAc: 

DMAP. 

,. 

N 

~ H N, 

M'~.' H • 
H". 

N, 

192 -

fi ? 

/J 
~ 

1 

1 
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H 

OAc 

ill 

Fiq. XLVIII 

showed that, although intramolecular attack by the primary 

hydroxyl group on the anomeric Acetate would involve an eight 

membered cyo1ic intermadiate, the éonstraints introduoed by 

the two rinqs already pres.nt can easily brinq the'- two groups 

within reach for interaction without requiring distortion. The 

~ product of this transeaterification would be the hemi-aceta1-

'l'he fra~entation mass spectrum of this aide Acetate 191 • 
.. ~< ::~~ • product.did not contain a parent peak, but a peak correspondin~ 

to the 108s of nitroqen (N2) from the azide group (472 - 28 • 
~ 

" 444) was present (2%>. The most abundant peaks were thos. '/ 

a.ssociat.d w,ith acetate fragments (mie 43, 60 and 86) e~ 
- , 

for mIe 113 (43.), whieh could correspond t~ the 108S of nitro­

qen fram the smal1er fragment (mie 141) resultin9.rfrom ~-lactam 

. ' 

.'- ( 
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OH 
l' •••• Nt' \ 

Z' ••• 0 
H·· ••• ' 

•• * ••••• 331 
H NI " ............... . 

1 .. 1 

cleava<Je at the C2 , - Cal and Np - C41 bonds (141 - 28 III 

113) 169. Peaks corres,ponding to t:he ~Osts of two (mie 211) 

and three (mie 151) molecules of acetic acid from the other' 

fragment (mie 331) were a1so present (10% each). 

Acetylation of this side product at 25°C yie1ded a 

crysta11ine compound 192 (Fig. LVII, p'. 100) with a 200MHz 
-/'1 

.. 

102 

IH.m.r. spect~ di8(a~inq -f~'è·jsinq1éts, indicating the 

presence of fi\e acetyl qroups, and a doublet at 6 - 6.26 ppm 
\ 

(Ji 2 III 3.4Hz) for an a-anomeric acetate. A smal1'doUblet .. 
at t5 • 5.82 ppm (.:1'12 • 9Hz) and broad tripl~t at 6 .. 5.4 ppm 

~ 

(J2 3 = J 3 4 • 10Hz) indicated that about 20 to 25% of the 
~ ~ 

product consisted of the S-anomer. These values correspond 
• 

to those for the H-1 and B-3 protons of the a-anomeric styry1 

a-1actams 17-4 and 175 {fa 87 and 158). The electron impact 

(Ell ma.a :;'-ctrum of t~is" compound wu net .specially help-

ful. Aside from the Most abundant peak at mie 86, only smal1 

ones were present. It did, however, h~ve a peak at mie 335 

, 
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, 

t9') , ,Which could correspond to the Ipeei •• ill. Similar 

speciss have been described by Budzik~ewicz, Djerassi and 
, 

~ 
--E3=E. N ........ ~. 
At:. '<Ii 

Nt 

193 -
Williams 170 as betng part of one pathway for the fragmenta­

tion of peracety1ated monosaccharides. Azètidinone cleavage 

would then result in a fragment with mie 194' (8t) • 

All attempts to prevent the formation of hemi-acetal­

Acetate 192 (p. 100) were unsucceasful. Changinq the solvent --- 1 l , 

to a more polar one (tetrahydrofuran) ·.ex oarryinq out the reac-

tion'at room temperature .. rved only to spaed up the undesired 

transesterification and/or deacetylations. Ose of a less po­

lar solvent (carbon tetrachloride/dichloromethane, 3:1) ,lowed 
\ " 

down the reduction (even at 25°C) allowing mainlY deacetylation 
. . 

to occur. The bast yield of alcohol 188 (48') was obtained o _ -.,. 

when the aldehyde ~ wa, added alowly to a cold (-lSOC) sus­

pension of the 2:1 mixture of NaBH~-Alox/maqnesium s~lfate168 . 
(p. 99 ) in dlchloromethane. This a180 reaulted in a 32' yield 

of the hemi-acetal-acetate Ipl. 

._ • ..-__ ~ ..... _-. _ ... ~ ..... ____ ~ _~.l> _____ k~_ 
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-czi~c borohydride ia rêput:ed to be ne\1tral rather' than ',~ 
, '1 .' • ~ _ ~ 

• ..' '1 ~ 
basic l7l ~nd has been used to reducé the G,B-ùn.a~urat~d 

ketone lli vith n~ i1l effect -o!l the àcêtate qroup=' a,fter 

%n(aiÙ lu-C '.Itr. 
e ~ 

-
--

194 -

Fi9. LIX 

eiqht hours in diqlyme at room temperature l72 • Addition of 

this reagent to Aldehyde 181 in tetraqydrofuran at 25°C se­
sul ted in very rapid disap~a'rànce of the startinq material, 

but only a amall amount of the alcoho~ formed. At OOC, only 

a trace of alcohol Ct.l.c.) was obtained accompanied by a 

substantial precipitate containinq ma,ny p'olar compounds. One 
. 

~ of the possible destructive side reactions may be coordination , 

of the zinc with the S-lactam nltroqen (or carbo~yl) thus 

promoting the opening of thé four-membered ring_ Metal coor-
" 

dination in penicillins and cephalosporins is known to inc-', 

rease considerably the rate of e-lactam rinq hYdrOlYSisl~. 
~onverseiy, intramolecular transacetylation may be i~er~ntlY 

1 

1 

( 

t 
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Con.idering the difficultiea encounter~ in our attempts 

to prevent transacetylation in primary alcohol!!!, similar 

pro~lems were expected durinq the preparation of me.yIate l!! 

(fiq. LVII, p. "100). Normally9 .. , methane.ulfonyl (mesy1) ch1o­

ride is added to a co1d (-15°C> solution of an alcoho1 i~ tbe' 

pre.enee of tri.thy~amin.. Va reversed this procedure by 

addinq the tr1ethylamine slowly to a mixture of methanesu1fonyl 

chloride and alcoi~l 188. The r,eactiqn of the primary bydroxyl . --
qroup vith the intermediate .ulf.n.17~ must be faster than 
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transesterification because mesy1ate l!! W&S obtained in 90% 

yie~d (after chromatoqraphy) • 

None of the product of transesterification, hemi-aeetal­

aeetate 191, was de~ected by spectroscopie means. Since both 

189 and l!! had the sarne mobility on si1ica gel, t~e presence 

n of small amounts of JJ!.l., subsequently removed by recry,stal­

lization, cannot be completely discounted. Mesylation of Any 

191 present would give an anomeric,mesylate whieh ia not ex­

pected to be particularly stable. When the mesylation was 

earried out with alcohol 188 still contamin4ted with 1!l, 

there was produced a more polar compound which seemed to 

-.,. 

r 

decompose on standing .at room temperature as well as on thin 

layer chromatography plates. This behaviour W&S ascribed to 

the labile anomeric 'mesylate (or chloride 185
). That this kind 

of deoomposition .was not noticeable in the crude mesylate pro-
. .. 

duced from pure alcohol l!! is fur~her evidence aqainst trans-

esterification durinq mesylation. 
f 1 

j 

A~0U9h the target intermediate, mesylate l!!, could 

be.synthesized successfully, the fact that'one of the steps 

gave a low yield after a difficult chromatographie separation, 

prompted us to look at'"'àlternative pathways. One immediate 

possibility was to transesterify aleohol 188'completely'to 

the herni-acetal-acetate 191. Theoretically, l!l could then 

be transformed into the required enol (for example, ill, fig. 

LXI, p. 107) by deacety1ation, selective ~osylation of the 

~". ,~ 
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prtmary hydroxyl qroup. and finally periodate eleavaqe of 

the carbobydrate moiety_ 
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Attempta to obt.ain an increaaed amount of the hemi-aJatal 
• 

àcetate ~9J froID thè 'NaBH .. -Alox reduction of Aldehyde. li.!. (~iq. 

LVII, p.lOO) always led to aubatantial amounta of more pOlar 

produeta whan the reaction was forced towarda completion. A 
" 

.. 

1 • 
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different approach was, therefore, inv6atigated. A dilute 

d1chloromethane solution of primary alcohol 188 was stirred at . -
room tempe rature with a selection of nitrogen ~aaes. With 

imidazole, the reaction never seemed to produee more than SOt 

product; even after refluxing for three hours. 9Triethylamine 

gave better results but also produced a considerable: quantity • 

of polar mater!a!'. 1,S-Oiazabicyclo{5,4,Olundec·7-ene (OBÇ) 
/ 

destroyed the alcohol completely. 4-N,N-Oimethylaminopyridine 
~, 

(OMAP) gave the best results, 76' of recrystallized l!! after 

stirrinq twenty-four hours at room temperature. Interestingly, 

.when this transesterification with ~ was tried using THF 
~ . 

as solvent, the reaction was much slower and produced more 

polar material. This May reflect a difference in the confor-

mation of l!l when 4issolved in ether solvants th an when dis­

solved in chlorinated hyd~ocarbons, making intermolecular at­

tack more favourable. 

Be~ore this synthesis could be further extended, it waa 

nec~ssary to deacetylate one of the inter.mediatea. Traditional 

methodsl~S for deacetylation of ca;bohydrates include treat­

math with methanolic ammonia and càtalytic Glounta of barium 

or sodium methoxide in methano~. A potential condidate for 

deacetylation was the mesylate ll! (p. 100). Mesylates have 

been knawn ta survive sodium methoxide catalyzed deacetyla­

tion 175 , but it was also important to know if the ~-lactam 

would survive un~r these conditions. In order ta simplify 

1 
! 0 

~. 
1 
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\ 
'mattera, studie. "ere carried out u.1ng styryl 'e-l~ctam ~ 

(p. 90 ) and, principally, hemi-acet2fl-acetate ill. ' Treat­

ment of 1!l vith ammoni~, avan at -lO·C, produced a mixture of 
, , , , 

. polar compound. with no S-lactam ab.sorption in the infral;ed' 

spectrum. Deacetylation cata).yzed jby barium methox1de 176 ', was 
1 : 

fi~.t tried on 1,3,4,6-tetra-o-acetyl-2-benzyloxycarbonyl~ino-

2-deoxy-O-glucopyranosa (ZOO). The produot, N-Cbz-O-gluco-
, -. ~ 

samine (ZOl) was produc.d in about 80% yield after ·two day., -

~ ~ .. 
1 0Ac: .. ,,·c OH 

"Y" , .. y, 

200 r Ml. -
'.t 

Fig. ~ 
~ <\-~!J. 

0 

by gradual crystallization from the reaotion medium at -10°C. 

This eryatallization procsss asema to be •• a.~tial to prevent . 
attaok on the newly tormad hemi-acetal (aldehyde) at the ano­

marie center. Naither l!!, nar the 8tyryl S-lactam ~, be­

hav.d similarly towards barium or sodium methoxide. 'In parti­

cular 1 ill was eomplet.ly decompo •• d by this process. A milder 

method, lithium hydroxide in THF/water (3:1) 177 .. 146 , waa triad 

,,"-

f' 

1 

1 

l. 
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on l!! but th!s did not lead to one distinct product ~ith.r. 

---Tharè are •• veral factors involved'in this deaceeylation., 

Under ~~tal~iC conditions, the acat~tes may be eleaved ta.ter 

than th. a-~aàtam, but the length of time required for com­

plet~ deac:ety~ation is long enpugh for the azet'ictinone to be 

cleaved as well. Moreover ,- it i8 possible that intramolécular 

attack on the azetidinone by one of the newly, formed hyd~oxyl 
. 

groups can oecur. 

1 
One proe.ss which could be controlled during the deacety­

lation of l!l was attaek on the ano~r~c oenter. The ethoxy­

ethyl~rotecting group can be introduced and removed under very 

mild conditions 178 • Aoeordingly, hemi-acetal-acetat~ !!L was 

treated with ethyl vinyl ether and a eatalytie amount ~f pyri­

dinium tosylate to give a 60% yield of the ethoxyethyl glyco­

side ~ as a gum incorporatinq at least four stereoisomera. 

. ! 

OH 
N 

AGd"'X')-o 
H ..... " H" N, 

291 -
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The reaction of !Q!, instead of çaking two hours as repo ted 

for a furanose1 18 
1 was still incomplete after four days. Fif-

teen ~er cent of the starting material w~s ~ecovered unt uched . ....--
It was immediately obvious, on reaction of 202, tha~ one 

, -
of the}problems assccia~ed with deacetylation had bèen solved. 

All of th~ deacetylation methods attempted on ~ gave a major 

product which was slightly more polar (t.l.c.) than N-Cbz-D­

glucosamine (lli, p. 109). Treatment with a catalytic amount 

of barium methoxide, or four equivalents of potassium cyanide 

in 95% ethanol at room temperature 179 , however, decomposed this 
IJ 

product almost as fast as it formed. The milder conditions of 

potas-sium -carbonate (O. SM) in THF, under which the benzyl ester 

of a monocyclic a-lactam had been cleaved successfullylBO, were 

also evaluated. This reaction proved to be very slow with a 

considerabie amount of starting mater\al still remaining after 

five days. The product also seemed to decompose in the reac­

tion medium, although at a slower rate than in the above two 

deacetylation procedures. 

The method which gave the least decomposition involved 

treatment with 50% methanolic ammon~a. On a ~all scale and 

after two d~ys at room temperature, the starting material had 

completely disappeared. Some spots on the t.l.c. plates, pos­

sibly corresponding to incompletely deacetylated compounds, 

were still present. Preparative thin layer chromatography 

allowed the isolation, in a somewhat impure state, of the major 

--_.--~_ .. 
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l 
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product in a maximum yield of 50%. The infrared 'spectrum 

showed azide (211Ô cm-1), B-lactam (1760 cm-i) and very strong 

hydroxyl (3'400 cm-I) absorptions plus some acetate (1740 cm- 1 ) 

bands. The 60MHz IB.m.r. spectrum was not of much he1p except 
. 

to show that the ethoxyethyl protecting group was still present 

and that most, but not aIl, of the acetate absorptions had' 

disappeared. This provided circ.umstantial evidence that most 

of the impure material isolated was the desired polyol !QI . 

• 

N 

Ao~)-O 
H w.-f 

H'- N, 

MeOH 

H'o--.-.1.--

~N>==O 
H"Ioi"f 

l'lN 
a 

203 -

t 

At this point we took stock of the difficulties which had 

,s been accumulating as our work progressed. The problem of 

intramo~ecu1ar transacetylation could be resolved in a reason­

ably satisfactory manner. But the necessity for protection, 

and thus event~l.deprotection, of the anomeric hydroxyl, and 

the tendency for the $-lactam to react under the conditions 

-.II 

t • 

) 
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required for complete deacetylation, convinced us that, ·~f 

D-glucosamine was to be the starting material, protec.ting 

groups othe~ than~à~tates should be chosen. ~t least the . 

113 

C-3 and C-4 hydroxyls should' b.r- protected by groups removable 

under neutrat or mildly aC1dic conditions in order to study the 

~-. key step 9f 3 i 4-diol cleavage of the c~rbohydrate ring. A 

,') 

.. 
cyclic acetal, such as an isopropylidene, would be compàtible 

with these conditi0i's. Sorne very recent work by Ojima and his 

coworkers 135" 1,81 indicates that such a protecting group would 

indeed be advanrgeOus but for quite another reaso\ 

H H 

:ttt
: ! Ph 

I;t 
: 

. cx+ 
2) PhCHO 

coo+ 
204 205 

H H 

)~o 
1) Hw/Pd 

H~ 
__ NE_t_i _ .... l-1!+.h -

N,cHaCOCl 
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~n the eourse of their work on the use of e-laetams as 

oligopeptide preeurors, Ojima 9t aZ had occasion to synthesize 

the bis-a-lactams ~ and ~135 (fig. LXV, p. 113). They 

<. transformed the separated monocye1ic S-lactams l!! and !!!' 

prepared from t_rt-buty1 N-benzylidene-L-alaninate (154, p. 

~ into the 3-N-benzy1ideneamino-2-azetidin~nes 204 and !Qi, wh!ch 

were then reacted with azido~cetyl chloride. In each case, the 

bis-azetiàinone prbduced consisted of only one diastereomer 

(~and!QL respectively). In effect, a rigid cyclic system 

(a monocyelic B-lactam) served as a chiral template to achieve 

100% asymmetric i~duc~ion. Thi~ suggests that a cyclic Acetal 

protecting group on O-glucosamine, ~ more rigid system than the 

tetra-acetylated derivative used in this study, might also lead 

to 100% asymmetric induction. 

In this context, it might be worthwhi1e fnvestigating the 

possible use of pentose synthons since they contain one hydroxyl 

group less/to protect and deprotect. Among the most readi1y 

availab1e pentoses, three have the correct stereochemi~try at 

C-3, O-xylose, L-arabinose and D-lyxose. Although the 2-amino-

pento~4s wou Id have to be synthesized, the additional s~eps at , , 

the beqinninq may still be worth tne trouble as long as only 

one di~itereomer 1s obtained. 
\ \ \ 

, 
1 
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Contributions to Knowledge 

" 

~ 

1) This work represents the first' asymmetric syntheaia 

of a bioactiv ... bicyclic e-lactAm antibiotic. 

2) 

3) 

4) 

5) 

It has been established that asymmetric induction 

oceurs during cis, monobyclic B-lactam formation" 

generating two chiral centers simultaneou$~y. 

,'li' • 

The stereochemistry of the major 8-1actam diastereomer 
• ~,4 .. 

produced by cycloaddition with azidoa~etyl chloride 
" t~ 
\ -

was determined. 

Some of the factors a~fecting the stereochemical out-

come of the cycloaddition were stüdied. 

been demohstrated 
-. 

It has that racemization of the 

carbon aZpha to the nit~ogen in the starting imine 

does -not occurfduring cycloaddition. 

6) The potential of amino sugars, in partieular of 

D-gluèosamine derivatives, as chiral templat~s for 

this cycloaddition was illustrated. 

.... -..... - --~-_ ... _----,. 
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General Experimental 

The azidoacetic acid used to prepare azidoacetic chloride 

was qenerously supplied by Bristol Laboratories of Canada. 

NaBH~-Aloxg3 was prepared usinq neutral altimina, Brockman ac­

tivity l from Fisher Scienti~ic Ltd, Montreal. 
.f 

Reagent grade sol vents were used throughout unless other-

, wise specifiep. Dry tetrahydrofuran (THF)was achieved ~f 

refluxing in the presence of sodium and benzophenone, and dry 

methanol (MeOH) by refluxing,over maqnesium. Other dry sol­

vents were ootained either by standing over molecular sieves 182 

. , 
(acetoni~rile, benzene, aichloromethane, N,N-dimethylfoonami~e, 

hexanes, he~amethylphosphoric triamide and pyridine) 'or cOIlll'Oer-

'cially (anhydrous ether from Mallinckrodt Chemicals, Montreal, 

and ethanol from Consolidated Alcohols, Toronto). Dryinq of 

qrqanic solutions durinq work-up was accomplished over anhydrous 

maqnesium sulfate unless otherwise stated. 

Solvent evaporation was carried out under' reduced pressure 

(water 8spirator) with a bath temperature of 20° to 30°C. 

Ozone was qenerated by a Welsbach Ozonator. 

Analytical thin layer chromatoqraphy was ëârried out on 

aluminum-backed sheets, precoa:ed with Kieselqel 60F 254f 0.2 mm 

thick (Merck Co. Ltd., Darmstadt>. Column chromatoqraphy was 

performed by the nflash chromatoqraphyfl technique as described 

by Still st aZ86 on 32 to 63~ (400 to-230 mesh) silica gel 

-------------------

1 
l 
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(British Drug Housea, Toronto). Semi-preparative, high pres­

s~e 1iquid chromatoqraphy separations were accompli shed on a 
eo1umn (150 K 10 mm) paeked with Spherisorb S-lOW (Teehnical 

Marketing Associates, Montreal) fitted to either an Altex 300 

Liquid Chromatoqraph with a preparative UV detector, or a 
'\ 

Waters Assoeiates model 440 ehromatograph with both UV and 

refractive index deteetors. 

Meltinq pOints (m.p.) were determined in open capillary 
.. 

tubes on a Sdehi SMP-20 and are uncorrected. Optical rotations 

were obtained on per~n-Elmer 110 po1arimeters (sodium vapour 
't 
lamp, 0 line) in spectrograde solvents, infrared (i.r.) spectr 

on a Perkin-E1mer 297 spectrophotometer, and mass spectra (m. 

on HP 5984 or LKB 9000 mass spectrometers. proton'magnetie 

'resonance (lH.m.r.) spectra were recbrded on Varian T-60, 
( 1. 

or XL-200 :setrometers, usinq tetr~~thYlsilane (T~) as 

internal st dard. Chemieal shifts are -reported on the 5 

in parts'per mi lion (ppm). 

T-60A 

scale 

l ' In the H.m.r. spectra, all apparently simple multiplets 

are, de~~ribed as they appeared, and are given ehemieal .hifts 

equal to th~ir center position. For more complex coupling 

pattern' (AB, ABX, etc.), each individual peak is listed, while 

undefined multiplets (m) are deser~ed by their range of 

absorption. 

Midwest Microlabs, Indianapolis, Indiana, performed the 

elemental analyses. 
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EXPERIMENTAL 

CHAPTER 1 

Benzyl D-Threonate hydrochloride (+)_!!]69~63 

Benzyl bromide (1.3 ml, 1.,9 g, 11 mmol) in 5 ml benzene 

was added dropwise. to a mixture of BOC-D-Thr64~183 (77, 2.2 9, -
10 mmol) and l, 8-diazabicyclo [5,4, 0] undec-7-ene , (DBU, 1.6 ml, 

1.6 g, 11 mmol) in 45 ml dry benzene. The mixture was refluxed 
~ 

for 3 hours, cooled and di1uted with ether (200 ml). After 

successive washings with water, 5% ci tric acid, sat,NaHC03 and 

brine, the solvent was dried and evaporated to give 3.0 g of a 

pale yellow oil. Flash ,chromatography using 2000 ml of 27% 

EtOAc/hexanes yielded 2.8 g of BOC-D-Thr-OBn (!!) (90% yield) as 

a colour1es8 oil (lit. 64 : m.p. 40° - 41°C) : [a] 23 +12° 
0 

(c 3, 

CHC1 3 ) and +19 0 (c 8, MeOR) {lit. for BOC-L-Thr-OBn64 : [al D 

-19.6 0 ( cl, MeOH)} i i.r. (film} v 3440 (OH and NB) , 
max 

1140 (ester) , 1720, 1690, 1500 (urethane) and 1390, 1365 

(tert-buty1) cm-I: lH.m.r. ( CDC1 3) "5: 1.22 (d, 3B, J -
B .. Y 

6.5Hz, CHCH 3 ), 1.44 (s, 9H, OBut ) , 2.93 (bd, lB, Jo .. B • SH z , 

changeable, OB), 4.1 ':'" 4.6 (m, 2H, NCBCBMe) , 5.18 (s, 2H, 

OCH2Ph), 5.52 (bd, IH, JN • 9Hz, exchangeable, NH) and 7.33 
.la 

+. (s, 5H, Ph) PPDl' m.s. (El, 70eV, 65°.C) mie: 265 (0.3, M -

44), 91 (79) and 57 (100). 

--

ex ... 
1 , l 

! 

1 
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BOC-O .. Thr-OBn (Z!,' 2.8 g, 9.1 mmol) was dissolved in 10 ml 

of ether (anh.) and added to 10 ml of ether Canh.} aaturat~d 

with,hydroqen chloride gaa. Within 1 min. a white precipitate 

.be9an to forme ,The mixture was 1eft at 25°C overnight, then 

filtered to give 1.9 q (75% from BOC·D-Thr) of (+)-O-Thr-OBn.HC1 

(Li). Recryatallization from acetonitrile/THF gave white nee­

dIes: m.p. 126.5° - 127.5°C (lit. for L-Thr-OBn.HC1 63 : 125 0 

- 126°C); [a]o23 +10 0 (c 2, EtOH) {lit. for L-Thr-OBn.HC163: . 
[aID -11.1° (c l, EtOB)}; i.r. (KBr) 'Vmax : 3380 (hydroxyl), 

3200 - 2500, includinq 3040, 2850, ~580 (+~3) and 1740 (ester) 

cm-1 ;,. lB.m.r. (OMSO-ds)~: 1.26 (d, 3B, Ja."y"'" 6Hz, CHCHa), 

3.9 - 4.4 (m, 2H, NCHCHMe), 5.23 (s, 2H, OCH2Ph), 5.78 (bs, OH), 

7.3 - 7.5 (m, SH, inc1udea s at 7.40, Ph) and 8.61 (bs, +NH3) 
o 

ppm • 

- Benzy1 O-tB~t-autyldimethy1si1yl-D-threonate [(+)_!!]70 

Method A 

Benzyl D-threonate hydrochloride (74, 0.25 g, ~.O mmo1) 

dissolved in 0.5 ml of dry HMPT was added to a mixture of ~id­

;' azole (0.26 g, 3.8 nunci> and tB~t-butYldimethY1Si17A ch10ride 

(0.28 g, 1.9 mmol) in 0.5 ml of dry ~under nitrogen. After 

.stirring overniqht at 25°C, the mixture was poured into water 

(30. ml) and e2ttracted with hexanes (3 x S'O ml). The combined 

organic pha.es were washed with brine (5 x 30 ml), dried and 

evaporated to give 0.32q (quant.) of pale yellow oil which was 

- ,- .-------
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in future used without further purification. However, ,~or the 
, ' 

purposes of characterization, the oil was , in thi. c~s~, puri-

fied by chromatoqraphy uainq 50\ EtOAc/p.e. to qivè 0.29 q (90%) . . -------
(+)-ll as a colourless oil; [a 1D

23 +12° (c 8, CHC13); i.r. 

(film) vmax : 3400 and 3330 (NH2)' 1745 (ester), 1600 (amine) 1 
and 1260, 840 (si1yl ether)/efit~l; IH.m.r. (CC14) «5: -0.04, 

" t 
0.04 (2s, 6H, S!Ms z ), 0.84 (s, 9H" SiSu ), 1.21 (d, 3H, Jo • 

~~Y 
"-

6Hz, CHCB3), 1.42 (bs, 2H, exchanqeab1e, NB2), 3.15 
, ) (d,lH, 

J,.. Q- 3Hz, NHZCH(COOR) CH) , 4.21 (d x.q, IH, J Il· 3HZ, J s .. 
"',loi Il,,... "Y 

6Hz, CHCB(OSi) He) , 4.79, 4.99, 5.02, 5.22 (ABq, 2H, J AB- 12Hz, 

OCHzPh)- and 7.22 (s, 5H, Ph) ppm; rn.s. -(EI, 70eV, 20°C) mIe: 
, 

324 (0.3, M+·+ 1),266 (14),159 (36), 91-(100) and 73 (56). 

Method B 

This ~ethod differs from A in the use of 1.3 mmol of te~t­

butyldimethy1iily1 ch10ride in DMF which had been dried over 

4A molecular sieves for ~ut 4 hours. Work-up gave 0.31 g 

'~llow oil which contained two major components (t.l.c. CHC1 3). 

Chr~matoqraphy. with 40% EtOAc!p.e. gave 0.12 q ('34%) of N-for­

myl ester 83 and 0.15 g (45%) of the dasired 82. -
Repetition of this reaction uSing 1.8 mmol ~f tert-butyl­

dimethylsilyl chloride in DMF dried ovar 4A molecular tieves 
• for 18 hours yielded 64\ of 83 and 30\ of 82. N·formyl - -

ester !! (p. 32 ) : 

3440 and 3340 (NB), 
J ,< 

(a]023 -3 0 (c 6, caCl s); i.r. (film) vmax : 

1750 (ester) and 1690, 1500 (amide) cm- 1 : 

\ 
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lU.m.r. (CDC1 3 ) ~: -0.03, 0.03 (2s, 6H, SiN-a), 0.84 (s, 98, 

SiBut ), 1.15 (d, 3R, J D • 6.5Hz, CHCB3)' 4.28 - 4.78 [m, 2H, 
~,Y 

ina1udinq 4.45 (poss. d )( q, J B - 2Hz,,JQ - 6.5Hz, CHCH(OSi)Me) 
a.. ~,y , 

and 4.68 (d )(, q, J Q" 2Hz, JN ,. 9Hz, becomes ba on exchanqe, 
. , a, ~ ,a 

NHCH(COOR)CH)], 4.89, 5.09, 5.11, 5.31 (ABq, 2H, JAS- l~ Hz, 

OCH 2Ph) 1 6.65 (d, IH, J N .. 9Hz, exchanqeab1e, NH), 7.33 (s, SH, 
.la 

Ph) and 8.26 (ba, 'lH, CHO) ppm; m.s. (El, 'OeV, 25°C) mIe: 352 
+. ( 0.2, M 

" . 
+ 1), 307 (4, M+' - 44), 294 (38'), 159 (75) and 

73 (100). 

Benzyl O-te~t-Butyldimethylsily1-N-cinnamy1idene-O-threonate 

(ll) 50 

The silylated amino-ester (+) -!! (3.2 g, 10 mmo]) and distilled 

trans-cinnamaldahyde (1.4 ml, 1.4 9, 11 mmol) were dissolved in 

30 ml of dry CHaC12' Usinq a modified Dean-Stark apparatus 

filled with JA moleca1ar sieves, the mixture was refluxed for 

1 hour, then stirred in the presence of MqS04 (anh.) at 25°C 

for another hour. til~ration and evaporation of the solvent 

gave Schiff base 88'as a yellow oil: i.r. (CH2C12) v : 1745 
- . max 

(ester), 1680 (axeess aldehyde), 1635 (a,S-unsaturated imine) 

and 1615 (sh, aonjugated CaC) cm-1 ; IB.m.r. (CDC13) ô: -0.03, 

0'.03' (28, 6R, SiM. 2.) , 0.81 (s, 98, SiBu t ), 1.15 (d, 3B, Je -
, ,Y 

6. 5Hz, CHCH3)' 3.76 (d, lB, J B - 8Hz, C-NCB (Co'çR) CH) 1 4 :21 
al , 

(d x q, lH, J Q - 8HZ,~ J g - 6. 5Hz, 
Cl, ~ "'.1 Y ~ 

CHCH(OSi)Me) " 4.99, 5.19, 

5.21, ,5.41 (ABq, 2H, J AS- 12HZ, OCH2Ph), 6.96 (app. d, 2B, 

• 
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2)( Ph) and 

CHCH-CHPh), 7.3 -

7.95 (app. t, 1~ 

e-Lactams (-)-!! and (+)_~50.J51 
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7.33, 

Schiff base!! (10 mmol) was dissolved in 40 ml of dry 

CH 2C1 2 and cooled under nitroqen in an ice-salt bath (-15°C). 

Oisti11ed NEt 3 (1.8 ml, 1.1 q, 13 mmol) was added, follow~ by 

the dropwise addition, over 60 minutes, of a solution of azido­

acetyl chloride 131 (1.1 ml, 1.4 q, 12 mmo1) in 10 ml of dry 
.. 

CH 2C1 2 • Stirring was continued at ice-salt bath temperature 

(-15° to -lOOC) another 0.5 hr. The mixture was diluted with 

hexanes (100 ml), filtered, then washed with brine, 5% HCl (2 )( 

50 ml), sato NaHS0 3 , sato NaHC0 3 and once more with brine. 

Orying and eY~pOration gave 4.8 q of orange oil which contained 

two major co~ponents as determined by t.l.c. (25% EtOAc/p.e.). 1 

This crude ail was divided into two portions. Flash 

chromatoqraphy of each portion, and then of the resulting mixed 

fractions using 1000 ml of 20\ EtOAc/p.e., follpwed by 1000 ml .. 
- of 25% EtOAc/p.e., yielded 3.3 9 (63\ from 74) Î:>f mixed ~-lac-

:--

tams li.. and l!l. and 1.1 9 (27%) of amide li. Analysis of the 

mixed a-1actams by BPLC (waters 440, micro-si1ica analytica1 

column, MeOa/EtOAc/hexanes (0.1:5:95), 3.0 ml/min) showed a . 
ratio of major, lesi polar a-lactam (-)-~ to minor, more polar 

a-lactam (+)-![ of 88:12, with retention times of 5.5 and·6.5 

-min. respectively. Separation on a'.emi-preparative scale 
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(Altex, 23 ~ 25 p.s.i., = Il ~/min.) qave the fol1owirtq two 

diastereomers with retention times of 4.4 and 5.6 min. respec-

tive1y: major a-lactam (-)-89: (a]D 23 -150° (c 2.5, hexane) 
\ 

and -130° Cc 3, CHC1 3) ; Lr. (film) \1 : max 2100 (azide) , 1775 
" 

(B-lactam) , 1140 (ester) and 1650 (ArC-C) cnt- 1 ; 200MHz lH.m.r. 

(CDC1 3) 15: -0.11, -0.04 (2s, 6H, SiMs 2), 0.16 (s, 9H, SiBu t ), 

1.25 (d, 3H, J Q • 6.3Hz, CHCR 3), 4.42 (d, lH, 
p~ y 

Jo" 3.9Hz, 
a~ p 

NCH(COOR) CH) , 4.52 (d x g, IH, J B - 3. 9Hz, J Q - 6. 3Hz, 
CI" 'p"y 

CHCH(OSi)Me) , 4.84, 4.87 (app. d, y of a poss. AeXY pattern, lH, 

J XY ""' s.3Hz, J By < 1Hz, H-3), 4.89, 4.92, 4.93, 4.96 (app. d x 

d, X of ABXY, 1H, J
BX 

• 8.8Hz, J XY • "s.3Hz, H-4), 5.02, 5.08, 

5.24, 5.30 (ABq, 2H, JAS - 12Hz, OCH2Ph), 6.1:', 6.21, 6.25, 6.29 

(app. d ~ d, B of ABXY, lH, J AB ~ 16HZ, J BX - 8.8Kz~ CHCH-CH) , 

6.56, 6.64 (app,- d, A of ABXY, J
AB 

:III 16Hz, JAX < 1Hz, CH-CBPh) 

and 7.25 - 1.45 (m, 10H, 2x Ph) pprni m.s. (El, 16eV, S7°C) m/e: 

49 2 (5, M + • - 2 8), 4 38 (2), 4 3 7 ( Il), 4 36 (2 8), 4.3 5 ( 8 9 ) and 10 2 

(lOO)i Anal. ca1cd. for C2sH36Na.Oa.Si: C 64.59, ft 6.97, N 10,76; 

found: C 64.37, H 7.07, N 10.65; 

minor e-lactam (+)-90: -- [al 23 
0 

+80 0 (c 1.5, hexane) and +40 0 

Cc 2, CHC1if i. Lr. (film) vmax : 2100 (azide) , 1770 ($-lactam) , 
.,. 

1750 Jb sh., ester) and 1650 (ArC-C) cm- 1 ; 200MHz IH.m.r. 

(CDC1 3 ) 15: -0.07, 0.07 (2s, 6H, SiNs2), 0.85 (s, 9H, SiBu t ) , 
.. 

1.21 (d, 3B, Jo .. 6.4HZ, CHeNg), 4.44 (d, lB, Je" 3.4H.z, 
p"Y a~ 

NCH(COOR)CH) , 4.62 Cd x q,_ IH, Ja"e" 3.4Hz, Ja.,y" 6.4Hz, 

CBCH(OSi)Me), 4.77, 4.79, 4.81, 4.83 !app. d x d, x of a poss. 

ABXY pattern, lB, Jax - 8.8Hz, ,Jxy ., 5.2Hz, H-4) , 4.88, 4.91 

1 
!. 
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t. 

(app. d, Y of ABXY, 1H, J xy - 5.2Hz, J By < 1Hz, H-3), 5.07 (s, 

2H, OCS2P~), 6.25, 6.30, 6.33, 6.38 (app. d x d, a of ABXY, IH, 

JAB - 16Hz, Jax - 8.8Hz, CHCS-,CH), 6.54, 6.62 Capp. d, A of 

ASXY, 1~, JAB - l~HZ, JAX < 1Hz, CH-CSPh) and 7.2 - 7.6 (m, 10H, 
1 • +. 

2x' Ph) ppm; m.s. (El, 16eV, 75°C) mIe: 492 (5, M - 28), 438 

(2), 437. (8), 436 (25), 435 (76) -and 91 (100); 

Amide (-)-!! waà further pu~ified by chromatography with 

25% EtOAc/hexanes to give a c01our1ess oil: (a ] 2 3 '-12 0 ( c 2. 3 , o 
CHC13); !.r. (film) v 

......"." max 
3420 and 3320 (NH), 2110 (azide), 

1750 (ester)' and 1690 and 1520 (amide} cm- 1 ; 

5: -0.03, 0.05 (28, 6H, 5iM62)' 0.87 (s, 9H, SiBu t ), 1.19 (d, 

3H, J Q - 6.5Hz CHCB3)' 4.03 (s, 2H, N3CB2CO), 4.3 - 4.7 (m, 2H, 
p~ y 

NHCBCBMe), 4.96, 5.16, 5.17, '5.37 (ASq, 2H, JAs ... l~HZ, OC,B 2Ph), 

6.99 (bd, 1H, J.N • 9Hz, exchangeable, NB) and 7.35 (s, SH, Ph) 
.la, 

+. ~ 
ppm; m.s. (El, 70eV, 69°C) mIe: 363 (0.2, M - 15 - 28),349 

+. 
(2, M - 57), 159 (20) and 91 (100); Anal. calcd. for 

" " 

ClgH30N4045i: C 56.13, H 7.44, N 13.78: found: C 56.18, 

H 7.68, N 14.00. 

Aldehyde 92,and a,a-Unsaturated Ester !! 

Ozone (~7 mmo1/hr.) was' bubbled for 20 min. throuqh a 

solution of mixed S-lactams !! + !2.. (0.52 g, 1. 0 mmol) in 50 ml 

of dry CH2C12' previously coo1ed under nitrogen to -70°C. EX­

cess 03 was removed by bubb1inq nitrogen for 5 min. o tme thy1 

sulfide (1 ml) was then added, the mixture warmed to R.T. (about 

~. ---_.--------------- ------- ,,-
":: ' l, 
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2 hr.), concdntrated, taken up in p.e. (50 ml) and washed with 

brine (5 x 20 ml). Dryinq and so~vent evaporation ~ave 0.56 9 

of reddish oil the lH.m.r. spectrum (CDel3) of which contained 

no oiefinie protons (6 - 6 - 7 ppm) and indicated the presence 

of benzaldehyde, plus the desired aldehyde!!, 4 ,. 9.6 ppm (!, 

lH, J ... 4HZ). \ 

Because this Aldehyde was presumed to be unstableSl~53 , it 

was immediately treated with NaBH~ (0.2 g, 0.6 mmol) in dry THF 

(10 ml) at OOC for 1.5 hr. This solution was aeidified with 5% 

a~etic acid, diluted with 50% EtOAc/p.e. and washed with sato .. 
NaHC03 and brine. Drying and solvent evaporation yielded 0.15 q 

of rad oil. Chromatography (900 ml of 30% EtOAc/p.e. followed 
r 

by 3:0'0 ml of 50% EtOAc!p.e.) yielded 0,.13 9 (28%) of primary 

alcohol !! (see next procedure p. 126) and 0.10 q (32\) of the 
, 

a,S-unsaturated ester!! which was further purified by prepara-

tive t.l.c. with 40% EtOAc!p.e.: i.r. ,(film) v max : 3460 (OH), 

2110 (azide), 1770 (a-lactam) 1 1720 (a 1 S-unsat. ~e8ter) and 1650 

2.93 (bs, IH, exchangeable, OB>, 3.68 (bd, 2H, J~ s. 5Hz, 
.1 

CBCJ!.20H), 4.28 (app. q, IR, J3 1;- J't s· 5Hz, a-4), 4.69 (d, IH, 
~ ~ 

J3 '+ - 5Hz, R-3), 5.11 (s, 2H, OCH2Ph), 6.83 (q, lB, J ,. 7Hz, 
~ S~~ 

C-CBMe) and 7.27 (s, sa', Ph) ppm.' ( 

.' 

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

primary Aleohol (_)_!!91~93 

A solution of the major B-1aetam (-) -!! (3.0"g, 5.7 riunol) 

in 5:1 CH zCl 2/MeOH (60 ml) was cooled under n.itrogen in a dry ... 

ice/aeetone bath ("70°C). Ozone ("-36 nunol/hr.) _was bubbled 

through the solution until the characteristic b1ue co1our ap-
. ~ 

peared (25 min_>, and the exeess removed by bubbling nitrogen 

for 5 min. NaBH 4 -Alox93 " (4.0 g) was added and the suspension 
"~ 

allowed to warm to R,. T. -under ni trogen wi th stirring (about 

2.5 br. >, when i t was poured into pH = 4 buffer (25 m1) and . , 

separated. The 9rganie phase was washed twice more with buffer, 

fi1t~ed, then eoncentrated and the resulting yel10w oi1 taken 

up in p.e. (100 ml) and extracted with water (10 x 20 ml) to , . 
remove the benzy1 alcoho1. Drying, solvent evaporati6n and -­

flash chromatograp~y (33% EtOAc/hexanes) yielded 2.3 g' (90%) of ;, 

(-) -ti as a co1ourless oil: [al 0 23 -158 0 (c 4, CHC1 3 ); ior. 

(fi~m) vmax : 3460 (hydroxyl), 2115 (azide), 1770 (a-lactam) and 

1740 (ester); lH.m.r. (CDCl 3 ) ô: 0.02, 0.08 (2a, 6H, SiMs 2 ), 

t 0.85 (s" 9H, SiBu ), 1.30 (d, 3R, J = 6Hz, 'CRCH 3), 2.90 Ct, 
B, 'Y 

IH, J s 6:a 1Hz, exchangeable, OB>, 3.93 Cd x d, 2H, J4 5 = 4Hz, 
~ . ~ 

J s 6 = 7Hz, becomes bd, J,+ 5. 4Hz, on exchanqe, CHCB20H), 4.2 -
J . J , 

4.6 (m, 3H, NCHCHMe and H-4), 4.73 Cd, IH;, J 3J4 = 5Hz, H-3), \ 

4.85, 5.05, 5.15, 5.35 (ABq, 2H, J
AB 

111: 12Hz, OCH 2 Ph) 

(s, SH, Ph) ppm; rt\~s. (CI/lB, 58°C) rn/eu 449 (100, 

\ and 7.32 'II 

CM + l} +) 1 

, 
421 (30), 391 (40), 357 (41)'" and 109 (75): Anal. ca1cd. for 

found: C 56.96, 

t 
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H 6.94, N 12.52. 

Mesylate (-) "'ll9~ 

To a coole(1" (-15°C) solution of primary alcohol ,(-)-il 

(2.0 9, 4.5 nunol) and NEt 3 (O. 8 ml, 0.6, g, 6 mmo1) in dry" 

CH 2C1 2 (20 ml) under nitroqen, methanesulfonyl chloride (0.42 ml, 

0.62 9, 5.4 nunol) was added dropwise over lS min. 'l'he solution 

was stirred at -15 0 to -lOGe for 3 hr. when t.l.c., (25% EtOAc/ 
1 

J 

p.e.) showed no more startinq material. Dilution with hexanes 
D 

(100 ml) , washinq with sato NaHC0 3 , 5% Hel and brine (t~ica), 

dry~n9 and eyaporation of solvent gave 2.3 q of (-)-!! as·a pale· 

" yellow oil (95% crude). Par charaaterization purpo.es,· a sma11 • 

portion was further purified by chromatography with 33% EtOAc/ 

p.e. : )Lr. (film) v . 
max' 2110 

(azida) , 1780 (B-lactam), 1740 (ester) and 1360, 1175 < ... 1-
o • 

, \~ 

fonate) ém- 1 ; lH.m.r. (eDe1 3) ô: 0.03,0.10 (28, 6R, SiM"2)' 

0.S7 (s, gR, SiBut ), 01.20 (d, 3H, J," 6Hz, CHCB~), 3.03 (s, 
~ ~T 

3H, OS02CH3)' 4.2 - 5.37 [m, 8H, inçluding 4.87, 5.07, 5.17, 

5.37 (ABq, JAS =- 12Hz j OCH 2Ph), NCBCHMe, H-3, ,g .. '4, H"S and 

';::.- OCR 2Ph1 and 7.32 (s, sa, Ph) ppm; m. $. (EI, ,1,~~V, 70°C) m/e: 
1" :b'~ 

'511 (0.2, M+· - is), 469 (8), "441 (4), 159 (29) and 91 (100); 

CI/lB, 25 0 to 1100,C) mIe: 527 (31, (M + +) +) and 403 (100), 

'-?Ulal. aalcd. for C2,2H 314 N4 0,SSi: C 50.17, H 6.51,., N lO.6~i 

"found:- e 49.71, 'H 6.46, N '10.35. 

0' 
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secondarx AIcohol j'(rl -!!.. . . ' 
/ 

':!esylate. (-1 -!!.! (2.0 g, 3.8 nunol) was dissolved in 4.0 ml 

of 95% trifluoracetic acid and stirred at 25°C for 45 min. when 

5;1 ether/CB2C12 (30 ml) and ice were add.d. The aqueous layer 

was w4shed once with the above solvent, and the ~Ombined orqanic 

phases washed ~arefully with cold 4% NaHC03 until the washes 

remained basic, then wa~,hed once more with brine, dried and 

evaporated yi~lding 1.4 9 (90% crude) of an off-white solide 

4Crystal~izati~n f1fom~~H2Cl2/CC14 gave 1.3 9 (82%) of (-)-!r as 

a white crystalline solid: m .p. 99.5° - 100. SOCj [<l] 023 -112° 

.' I(C 2, CHCI3); -i.r. (CH2ClÛ vmax : 3600,3400 (OH), 2110 (azide),-

1760 (a-lactam), ~40 (ester) and 1360, 1175 (sulfonate) cm-li 

1.22 (d, 3H, J Q = 6.SHz, CaCH3)' 2.92 (s, 
tJ~ y 

3H, OS02,cH3)' 3.38 (bd, 1H, JO~B = 7Hz, exchangeable, OH), 4.1 -

4.6 (m, sH, NCBCHMe, H-3,'H-4), 4.87 (d, IH, J3'1t- 4.5Hz, H-3), 
# 

5.19 (s, 2H, OCH2Ph) and 7.32 (~, SH, Ph) ppm; m.s. (EI, 16eV, 

72°C) mie: 368 (l, M+' - 44), 2as (2), 149 (13) and 91 (100); 

(CI/IB, 35° - lJ3°C) mie: 289 (56) a~d 220 (100); Anal. calcd. 

for Ç16H20Na.07S: C 46.60, H 4.89, N 13.58; found: C 46.71, 

H 4.50, N 13.07.· 

a,a-Unsaturated Ester 99 

Secondaryalcohol (-)-9? (0.89 g, 0.22 mmo1) was added to -
2.0 ml of 3:1 DMSO/acetic anhydr~e (both freshly distilled) and 

s;tirred for. 16 hours at room temperature. Three products vere 

1 
j 
~ 
l 

l , 
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detected by t.l.c. (50% EtOAc/p.e.), aIl less polar than the 

starting material which was absent. The least polar component 

was not identified. The most polar component corresponded, on 

t.l.c., to the product of Jones oxidation, eno1 72 (see proce­

dure p. 130) but none of it was recovered after chromatography 

with 50% EtOAc/p.e. fo11owed by EtOAc and then, MeOH. The major 

component of intermediate polarity was isolated in 59% yield 

(50 mg) and identified as the a, a-unsaturated ester 99: 

ior. {film) 'Vmax : 2110 (azide), 1770 ",(S-laétam}, 1720 (a,B-unsat­

urated ester, 1650 (conjugated olefin) and 1360, 1175 (sulfonate) 

cm-li IH.m.r. (CDCl3) ô:'' 2.00 (d, 3H, Je z: 6.5Hz, C-caCH3)' 
~y 

2.99 (s, 3H, OS02CH3)' 4.3 - 4.8 (m, 3H, H-4 and H-5), 4.98 (d, 

lH, J3 .. 4 = 5HZ, 8-3), 5.23 (s, 2H, OCH2Ph), 6.82 (q, 1H, Je -
l'~y 

6.5HZ, C-CHCH3) and 7.37 (s, 5H, Ph} ppm. 

Secondarr Alcohol (+)-~ 

Amide (-)""g (0.21 q, O.SOmmol) was dissolved in 2 ml of 

95% trifluoroacetic acid and stirred at room temperature f9r 15 

min. when t.l.c. (60\ EtOAc!p.e.) indicated that the reaction , 

was complete. The mixture was diluted with ether and washed 

once with Brine, three times with sato NaHC03 (until extracts 

remained basic) and once more with brine. The combined aqueous 

fraotions were back-extracted with ether (twice), and the com-

bined ether extracts dried and concentrated in vacuo to a beige 

solid. Recrysta11ization from CH2C12/p.e. yie1ded 0.11 9 (75%) 

\ 
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of (+) -YLQ. as a white crystalline solid: ,l'l'p. 99° - 100°Ci 

[0]023 +5.5° (c 1, CHC1 3); i.r. (KBr) "max! 3450 (H-bonded OH), 

3300 (NH), 2100 Cazide), 1710 (H-bonded ester) and 1655, 1550 

(amide) cm- 1 : la.m.r. (CDC13) 6: 1.21 (d, 3B, J8~y· 6.5Hz, 

CHCH3) 1 2.28 (ba, IH, exchangeable, OB), 4.03 (s, 2H, N3CH2CO) , 

4.2 - 4.8 [m, 2H, il'lcludinq 4.40 (poss. d )( q, Ja~a· 3Hz, Ja~y-

6.5Hz, CHCH{OH) Me) and 4.64 Cd x d, JN~o. 9Hz, Ja~B. 3Hz, 

NHCH(COOR) CH} , 5.22 (s, 2H, OCB2Ph), 7.01 (bçi, IH, JN a" 9H, , 
exchangeable, NH) and 7.38 (s, 5H, Ph) ppm: m.s. (EI, 15eV, 

+. 
49 ° C ) mIe: 292 (O. 6, M ), 24 8 ( 16), 14 8 (100) and 91 ( ~ 1) • 

" 

Eno1 72 51 --
Jones reagent 96 (0.21 ml, 0.56 mmol) was added dropwise 

ever 10 min. to a cold (-15°C), stirred suspension of secondary 
> 

alcohol (-)-97 (0.21 g, 0.51 mmo1) in 3 ml of Acetone (spectro-
,- .. 

grade) and celite (0.2 g). The .1ow temperature bath was then 

changed for one which was kept at 17° to 19°C throughout the 

remainder of othe reaction. After a total of 45 min., t.l.c. in-

dicated that the reaction was approximately 50% complete. Ether 

(20 ml) was then added, stirrinq continued for 10 min. and the 

ether decanted. This pro~edure was repeated twice for 5 min. 

each time and the last extract filtered. 

The combined ether fractions were wasb.ed with brine. The" 

enol was then extracted into ice-cold 4% Na2C03 (2 x lOml + 
, 

5 m~) . (T.l.c. later ind~cated that aIl the enol had been ex-

- - - .... -------- --... -----__ .............. 'u ""'!Jilf 
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tracted in the first fraction.) Each basic fraction was IMMEOI-

ATELY poured into enough ice~cold 10% ~Cl (7 ml or 3.5 ml) to 

neutralize the base, and these combined aqueous fractio~s were 

extracted with CH2ClZ (4 x 75 ml). Washinq of the combined 

CHzC12 fractions with brine, drying and evaporation gave 0.12 9 

(56%) of !! as a c'lear, very pale yellow oil which was always 

used for the next reaction as soon as possible: i.r. (film) 

Vmax 3350 (weak, OH), 2110 (azide), 1780 (B-lactam), 1660 

(eno1 form, B-keto-ester) and ~620 (enolic olefin) cm-li 

IH.m.r. (COC1 3) ô: 2.08 (s, 2.6H, C=CCH3' enol form) and 2.28 

(d. 0.4H, J. 2Hz, CHCOCH3, keto form), 2.91 (s, 3H, OS02CH3), 

4.1 4.5 (m, 3H, H-4, H-5) ~ 4.8\ (d, 

5.24, 5.26 (2s, 2H, OCH2Ph) ,~(s, 

~ < lH, enol OH) ppm. 

lH, J 3 '+ =- 4. 5H z, H - 3) , 
~ 

5H, Ph) and 12.3 (bs, 

The combi~ed ether fractions were washed with brine, dried 

and evaporated to give 75 mg (~5% recovery) of the starting 

alcohol (-)-!! which could then be recycled. 

[6,S-(6R*,7R*)]-Benzyl 7B-Azido-3-methyl-A 3-O-2-isocephem-4-

carboxylate [(-) -U]Sl 

Enol ?2 (0.12 9, 0.29 mmol) and NEt 3 (50 ~l, 0.35 g, 0.35 

Mmol) ~ l;-ml dry CH2C12 were refluxed for 3 hours. After 

cooling, the reaction mixture was washed with brine (2 x 5 ml), 

4% BCl (2 x 5 ml) and brine, dried and evaporated to give 80 mg 

(89' crude) of the azido-O-2-i~ocephem (-)-?3 (50% from secon-

i 
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dary alcohol (-)-!L). A total amount of 0.26 g (73%) of c~pde 

(-)-1! ~as eventually obtained from 1.1 mmol of (-)-!! by re­

cyc1ing the re,covered starting material. Purification by--chro-

matography (24% EtOAc/hexanes) gave a c1ear syrup (0.22 g, .63\): 

[a]023 -22 0 (c 2.4, CHC1 3); Lr. (film) "max: 2110 -(azide), 

1780 (a-lactam), 1715 (a,S-unsaturated ester) and 1615 (vinyi 
'" . ether) cm-1 : IH.m.r. (C G0 6 ) ô: 2.18 (s, 3H, CH3)' 2.93 (d x 

d x d, IH, Jl a .. 6 = 4H~, Jl a .. 6 ~ 9Hz, J6 .. 7. 5Hz, H-6), 3.39 (d x d, 

IH, J 1a .. 1a '"" 10Hz, . J 16 .. 6 = 9Hz, H-la) , 3.91 (d x d, IH, JlaJH~ ,.. 

10Hz, Jia 6 .., 4Hz, H-la) , 4.30 (d, IH, J 6 7 = 5Hz, H-7), the mul-
.. J 

tip1ets between 2.78 and 4.34 have the oJerall appearance of an 

AMNX pattern, 5.19 (s, 2H, OCH2Ph) and 7.1 - 7.5 {m, 5H, Ph)'ppmi 

For comparison with Doyle et aZ S1 : IH.m.r. (COC1 3 ) ô: 2.23 (s, 

3H, CH3), 3.4 - 4.2 [m, 2B, including 3.98 (app. t, J 1a,l/3" 

J IS .. 6 = 9Hz, H-la) , H-la, B-6], 4.56 (d le d, lH, Jla .. 1 /3 = 9Hz, 

Jl a 6'"" 3Hz, H-la) , 5.16 (d, lH, J6 7· 4.5Hz, H-7) 1 the multi-.. .. 
plets between 3.38 and 5.20 appear to be an AMXY pattern, 5.28 

(s, 2H, OCB2Ph) and 7.2 - 7.4 (m, 5H, Ph) ppm: m.s. -(CI/IB, 

70°C), mie: 315 (100, (M + 1)+) and 289 (50): Anal. calcd. for 

ClSH14N40",: C 57.32, H 4.49, N 17,83; found: C 56.85, H 4.54, 

N 17.61. 

[6S-(GR*,7R*)]-Benzyl 1a-Amino-3-methyl-6 3 -O-2-isocephem-4-

carboxy1ate (~)Sl 

, A suspension of azido-O-2-isocephem (-)-!! (0.19 g, 0.60 
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mmol) and Pt02 (92 mg) in 32"m1 absolute ethanol wa. hydro-
• 

qenolysed at atmospheric pressure for 20 min. Filtration 

through celite and evaporation gave 0.17 g of dark brown reain 

which was taken up in ether (30 ml) and extracted into cold 10' 

HC1 (3 x 10 ml). The combined aqueous phases were make basic 

with cold dilute NH~OH. Re-extraction into CH2C12 (S x 50 ml) , 
"-

washing once with brine (10 ml), drying and evaporation yielded 

0.13 g (77%) of lQL as a 1ight ye110w resin: i.r. (CHG13) 

vmax : 3400, 3350 (NH 2) , 1770 (B-lactam), 1710 (a,B-unsaturated 

ester) and 1615 (viny1 ether) cm-1: lH.m.r. (CDC13) S: 1.70 

(bs, 2H, exchangeable, N02), 2.27 (s, 3H, CH3), 3.4 - 4.7 (poss. 

ABXY pattern, 4H, including 3.58 (d x d x d, Jla 6" 3.5Hz, 
~ 

JIB~G=-10HZ, J6,7= 4.5Hz, H-6), 3.93 (app. t, Jla~la = J1B .. 6" 

10Hz, H-li3), 4.45 Cd x d, Jla .. l13 .. 10Hz, J 1a .. 6 = 3.5Hz 1 a-la) and 

4.69 (d, JG 7" 4.5Hz, a-7) l, 5.25 (8, 2H, OCH"2Ph) and 7.2 • 7.6 .. 
(m, SH, Ph) ppm. 

, , 

[6S-(6R*,7R*)]-Benzy1 3-Methyl-7B-pheny1acetamido-â 3·O-2-iso­
IJ 

eephem-4-carboxylate [(+) _lQ!)SI.tS4 

Amino-O-2-isocephem 107 (0.13 g, 0.46 mmo1); phenylacetic 
~ ~ 

acid (69 mg, 0.51 mmol) and EEDQ (0.14 g, 0.56 mmol) were dis-

solved in dry CH2C12 (20 ml) and Itirréd at 25°e overnight. The 

mixture was worked-up by washing with l' NaHC03 (2 x 10 ml), 4' 

Hel (2 x 10 ml) and brine, dried and conc~ated in vaauo. 

Chromatography (~O, EtOAc/p.e.) yielded 0.15 9 (80%) of amido-

t • 
, 
3 
t · · 1 

1 
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0-2-isocephem (+)-lQ! as a white, amorphous ,ol~d: m.p. 

(sealed tube) 52° - 53°C (partial sublimation'" 42°C); [Cl]023 

+15.!0 (c 0.6, CRC13); i.r. (CHC13) vmax :' 3320 (NB), 1760 

(a-lactaœ), 1710 (a,S-unsaturated ester), .1680, 1520 (amide) 

and 1610 (vini1 ether) cm-li lH.m.r. (COC13) ô: 2.25 (s, 3R, 

CB3), 3.48 (s, 2H, PhCH2CO), 3.6 - 4.7 (m, 3H, H-l, H-6), 5.21 

(s, 2H, OCH2Ph) , 5.44 (d x d, lH, J 6.7- 4Hz, J7 9- 7Hz, becomes 
~ .J V 

d, J6 7"'" 4Hz,·on exchange, H-7) and 7.3 - 7.5 (m, llH, inclu-
.J 

ding 2s at 7.23 and 7.38, 2x Ph and NB) ppmi m.s. (CI/lB, 36° 

- 135°C) mie: 407 (10, (M + 1) +) and 232 (100). 

[6S-(6R*,7R*)]-3-Methyl-7B-phenylacetamido-6 3 -O-2-isocephem-4-
:5 

carboxylic acid [(+) -?OJ5I, 54 

To a mixture of amido-O-2-isocephem (+)-~ (0.13 g, 0.32 

mmoll in 7 ml of dry TRF and 10 ml of absolute EtOa was care­

fully added 10% Pd-C (100 mg). Hydrogenolysis at atmospheric 

pressure for 15 min., filtration through celite and solvent 

evaporation resulted'in a yellow mixtu~e of solid and syrup 

which was dissolved in about 1 ml of CH 2C1 2 • Petroleum ether 

was added slowly, with scratching, until a solid appeared. Ad­

dition of p.e. was continued (ëotal of 50 ml) until t.l.c. (EtOAc) 

indicated that no more product was present in solution. The 

organic layer was removed and the proces~ repeated with hexanes 

to give 96 mg (94%) of an off-white solide Recrystallization of 

this prqduct from acetone/ether/hexane gave the 0-2-isocephem 

-. ----... """'*"'". ~-..- ........... - .. _--- - ---- ----------

\ 

1 
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(+)7~ as a'white powder. m.p. 9~ - lOS"C (dee.), [oI D" 

+157 0 (c 1.1, Acetone); i.r:c,,~ \1 3600 ... 2500 (COQ-II), max 

1755 (S-lac:tam)" 1685 (sh, 'njuqated carboxy1ic acid), 1660, 

1530 (amide) and 1610 (viny1 ether) èm- 17 200MHz lB.m.r. 

(OMSO-d'6) 6: 2'.15 (s, 3B, CH 3), 3.46 (s, 2B, PhCHaCO), 3.7S 

(d x d )( d, lB, Jla 6 .. 3.8H2, J1S 6· lO.OHz, J6 7- 4.9Hz, H-6) , 
JI JI JI 

3.92 (d x d, lB, JlaJlU~ • iO.4H:, JiB.l 6 " 10.0Hz, ~-lS), 4.41 
-

(d x d, lH, Jl a lB '!II 10.4Hz, Jill 6 • 3.8Hz, H-la) , 5.52 (d )( d, 
JI JI 

lB, J6,7 .. 4.9HZ, J7J19" 8.5Hz, 8-7), 7.1 ... 7.4 (m, sH, inc1u­

ding s at 7.26, Ph) and B.82 (d, lH, J, 9- 8.5Hz, NH) ppm; 
JI 

m.s. (CI/lB, 105°C) mie: 311' (4, (M + 1)+), 273 (12), 176 

(67) and 142 (100); Anal. calcd. for C16H16N~Os: C 60.76, 

H 5.10, N 8.86i found: C 60.66, H 5.30, N 8.96. 
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EXPERIMENTAL 

CHAPTER 2 

tQpt-Butyl N-Benzyloxycarbonyl-D-threçnate [(+)-LL!]112J12~ 

136 

A suspension of distilled tert-butanol (1.0 g, 13 mmoi), 

DCC (2.7 g, 13 mmol) and cuprous chloride (40 mg) was stirred 

under nitroqen at 26°C for 5 days. The volume of the mixture 
, 

gradually reduced until, by the last day, it was too viscous to 

stir. An infrared spectrum of this mixture showed an intense 

peak at 1660 cm- 1 (isourea and/or urea) while there was only a 

very weak peak remaining at 2110 cm- 1 (N-C=N). 

Ory CHzClz (10 ml) and HMPT (2 ml) were added, the mixture 

was cooled in ice and then Cbz-D-Thr 121 (116, 0.96 g, 3. 8 ~01) 

in 10 ml of CH 2C1 2 was added dropwise over 60 minutes. The mix­

ture was allowed to warm to room temperature and stirred for 16 

hours. Filtration through celite, washing with 5% citric acid, 

sato NaHeO] and brine, dryinq and concentration in vacuo gave 

1.1 q of a yellow oil which contained two components (t.l.c., 

25% EtOAc/hexanes). The major component was the less polar one. 

Chromatoqraphy of the oil, using 1000 ml of 35% EtOAc/hex­

anes followed by 1000 ml of 40% EtOAc/hexanes, and rerunninq 

the mixed fractions on a smaller column, yielded 0.64 q (54%) 

of (+)-l!! as a white solid and 0.16 9 (15%) of an oil later 
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identified as dimer 119. A small portion of (+)-!l! was recrys­

tallized fram ether/p.e. to give colourless needles: m.p. 65.,,5° 

- 66°C (lit. l26 : m.p. 66° - 67°C): (al o
23 +7.5° (c 2, CHC1 3 ) 

and'+20° (c 0.6, EtOH) {lit.U6 :' [a]o26 -20.6° (c 1.07, EtOS)}i 

i.r. (film) vmax : 3440, 3360 (OH and NH), 1740 (sh, ester), 

1730, 1710# 1530, 1520 (urethane) and 1390, 1365 (tert-buty1) 

cm-li IH.m.r. (COC13) 6: 1.16 (d, ~B, J$"y= 6.5Hz, CHCB 3 ), 1.41 

--" t (s, 9H, COOBu ), 2.85 (bs, IH, exchangeable, OB), 4.0 - 4.3 (bd, 

2H, J = 8Hz, becomes m on exchange, NHCBCBMe), 5.09 (s, 2H, 

OCBzPh), 5.56 (bd, la, J = 8Hz, exchangeable, NB) and 7.37 (s, 

5H, Ph) ppmi m.s. (El, 70eV, J2°C) m/e: 265 (J, M+' - 44), 

209 (13), 91 (100) and 57 (35); Anal. calcd. for ClsH23NOs: 

C 62.12, H 7.49, N 4.53; found: C 62.06, H 7.75~ N 4.70. 

The oil impurity was further purified by chromatography 

with 30% EtOAc/hexanes and found to have spectral characteris­

tics which indicated it to be dimer Il! (p. 56'): i.r. (film) 

vmax 3430, 3340 (NH and OH), 1750 - 1690 (ester and uréthane), 

1520 (urethane) and 1390, 1365 (tert-butyl) cm~l; IH.m.r. 

(COC13) 6: 1.16 - 1.32 [2d, 6H, J .. 6.5Hz (6" 1.21 ppm) and 

J .. 7Hz (6 - 1.26 p~), CH(OH)CB3 and CH(OCOR)CB3J, 1.44 (s, 9H, 

COOBu t ) , 2.86 (ba, IH, exchangeable, OB), 4.0 ~ 4.6 (m, 3B, 2x 

NHCBCH, CHCH(OH)Me), 5.13 (s, 4H, 2x OCBzPh), 5.3 - 5.8 [m, 3B, 

includinq 5.44 (d x q, J - 3Hz and 7 Hz, CHCH(OCOR)Me)~and 5.65, 

5.75 (2d, each J - 9HZ, 2)( NHCHrJ and 7.33, 7.35 (2a, 10H, 2)( 
+. 

Ph} ppm; rn.s. (El, 70eV, 1S0°C) mie: 444 (3, M - 57 - 43), 

\ 

i 
J 
1 

i 
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3 9 9 (2), 3 09 ( 1), 2 47 ( 8), 91 ( 100) and 57 ( 28) • 

tS1't-Butyl D-'l'hreonate (ill) 127 

Cbz-O-Thr-OBut [(+)-l1!, 0.50 g, 1.6 mmo1) was dissolved 

in 6 ml cyclohexene and 10 ml absolute EtOH, 10% Pd-C (0.13 g) 

was added and the mixture refluxed 'for 2 hours. Filtratidn of 

the cooled solution through celite, and removal of the solvent 

in vacuo yielded 0.22 9 (78% crude) of brown oil. Purification 

by chromatography using 200 ml of 90% EtOAc/hexanes, then 100 

ml of 5% MeOH/EtOAc gave 0.15 9 (54%) of lJ3 as an oi1: 

i.r. (film) vmax 3370, 3300 (OH and NHz), 1730 (ester), 1590 

(amine) and 1390, 1365 (tert-butyl) cm- 1 ; lH.m.r. (eDC13) ô: 

1.24 (d, 3H, JS,y = 6Hz, CHCH 3), 1.51 (s, 9H, COOBu
t ) 1 2.24 (ba, . 

3B, exchangeable, NO z and OH), 3.14 1bs, 1H, NH2CB (COOR) CH) and 

3.80 (app. bp, lH, J Q- J Q • 6Hz, CHCH(OSi)Me) ppm. CI,., p,y 

1 

tert-Butyl O-tert-Butyldimethylsilyl-D-threonate [(+)_l!f]70 

tert-Buty1 D-threonate (!!!, 0.23 q, 1.3 Mmol) in 2 ml of 

dry HMPT was added to a mixture of imidazole (0.29. q, 4.2 mmol) 

and tert-butyldimethy1silyl chloride (0.30 9, 2.0 mmol) in 0.5 

ml of dry HMPT under nitrogen, and stirred/at room temperature 
f ( 

for 18 hours. The resulting orange s~ti'on was poured into 

30 ml of brine and extracted with 1:1 ether/hexane. (4 ~ 50 ml) 

which were then concentrated and partitioned between a total of 

100 ml hexanes and 30 ml water. The two phases were separated 
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\ 
and the organic phase washed thoroughly with brine (10 x Ip ml) , 

dried and evaporated to give 0.38 9 of an oil. Chromatography 

with 55\ EtOAc/hexanes yie1ded 0.29 9 (75%) of pure (+)-~: 

i.r. (film) \1 : max 3380, 3310 (NH2), 

1730 (ester) 1 1590 (amine), ~390, 1365 (tQ~t-butyl) and 1255, 

835 (si1y1 ether) cm- 1 : - lH.m.r,. (CDC13) ô: 0.01 ~s, 6H, SiMe2), 

0.82 (s, 9H, SiBu
t

) 1 1.19 (d, 3H, Ja,y =- 6Hz, CHCH3), 1.43 (s, 

t 9H, C~Bu ), 1.89 (bs, 2H, exchangeable, NH 2 ), 3.10 (bd, lH, 

Ja,a- 2.5Hz, NH2CH{COOR)CH) and 4.17 (d x q, lH, ~a,a;ll 2.5Hz, 

Ja,y· 6HZ, CHCH(OSi) Me) pPm. 

t, 

tert-Butll O-tert-Butl1dimethylsi1ll-N-cinnamy1idène-D-threonate 

(m) 50 

tert-Buty1 O-tert-butyldimethylsilyl-D-threonate [(+)-~, 

0.29 g, 1.0 mmol) and trans-cinnama1dehyde (0.13 ml, 0.14 g, 

1.0 mmol) in 5 ml of dry CH2C12 were refluxed for 1.5 hours 
, " 

using a modified Dean-Stark trap fi1led with 3A mo1ecu1ar 

sieves. After stirring at room temperature in the presence of 

anhydrous MgSO~ for another 0.5 hours, the mixture was fi1tered 

and the solvent evaporated to give 0.39 9 of 122 as a ye110w 

oil: i-r. (film) \lmax: 1735 (estei),. 1685 (excess Aldehyde), ~~ 

1635 (a,a-unsaturated imine) and 1615 (ah, conjugated C-C) cm 1; 

lH;m.r. (CDe13) 6: -0.07, 0.00 (25, 6H, SiMe2)' 0.&0 (s, 9H, 

. SiB~t), 1.22' (d, 3H, JS,Y" 6Hz, CHeR3), 1.46 (s, 9H, COOB~t), 
3.56 (app. d, IH, Ja, S - 8Hz, NC'N (COOR) CH), 4.16 (app. d x q, IH, 

\\ 
1 
~ 

1 
! 
! 

1 

/ 
• 
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Ja .. ~· 8Hz, J~ .. y = 6Hz, CHeH.(OSi)Me), 6.99 (app. cl,. 2a l J • 4.5Hz, 

N-CHCH~CHPh), 7.2 - 7.7 (m, SH, Ph) and 7.99 (app. t, J a 4.5Hz, 

a-Lactams (-) .... 123 and (+)-12450,51 - -
...... Azidoacetyl chloride 131 (0.11 ml, 0.14 g, 1.2 mmol) in 2 ml 

q 

of dry CH2C12 WflS added dropwise over 30 minutes to a cold 

(-lSOC) .suspension of Schiff base l!! (0.39 g, see p. 139 ), 

NEts (0.18 ml, 0.13 g, 1.3 mmol) and MgSO,+ (anh.) in 5..ml of dx::y 

CH zC12 under nitrogen. Stirrinq at ice-salt bath temperature 

(-18° to -10°C) was continued for another hour. work-up of the 

reaction was' accomplished by dilution with hexanes (100 ml) 1 

washing successively with brine, 4% HCl, sato NalIS0 3 (twice,) 1 

sato NaHC03 and brine, dryinq and solvent evaporation to give 

0.37 9 of an orange oi1: T.l.c. (30% EtOAc/hexanes) showed two 

components. (The minor, more polar component was assumed to be 
.... _-

the amide ill (p. 60 ) but it was not iso1ated.) When 15% 

EtOAc/hexanes was used as the t.l.c. solvent, the major, less 

polar component could be sean to constst of one large, less 

polar and one very small, more polar component. 

Flash chromatography with 15% EtOAc/hexanes, and recycling 
< 

the mixe~ fra~ions with 200 ml of 13% EtOACjhexanes followed by 
200 ml of 20% EtOAc/hexanes, gave 0.31 9 (63% frpm 120) of,mixed 

B-lactams ill and lli as a clear, pale yellow oi1. HPLC 

(Waters 440, MeOa/EtOAc/hexanea (0.l:5:95)~ 5.0 ml/min.) showed , 

f ; 
1 
1 
: 
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the ratio \Of major (less polar) to minor (more polar) diastere-~ 
1 

~omer to he: 90:10 with retention times of 10.4 and
o 

14.4 minutes 

reapective1y. Separation uaing these ~ondition. yielded 2 , 

a-lactams with the fo11owing characteristics: 

major S-ladt~ (-)-,!!!: _ [0]023 -85° (0 1.5: CHC1 3);0 i.r. (film) 
- ~ , 

'''max: 2100 (azide), 1770 (S-lactam), 1735 (ester), 1650 (ArC-C) 

and 1390, 1365 (t9~t-butyi) cm-l ; 200MHz IH.m.r. (CDC13) 6: 

-0.05, 0.00 ,(2s, 6H, SiMeû, 0.80 (s, 9H, SiBut ), 1.24 (d, ,,3H, 
, t . , 

JS,y= 6.3Hz, CHeH3) t 1.49 (s, 9H, COOBu ), 4.14 (d, 1H, J(I,a = 
4.5Hz, NCB(CboR) CH) , 4.47 (d )( q, lH, Ja,8 - 4.5Hz, Ja .. y " 6.3Hz, 

CHCH(OSi)Me) , 4.78, 4.80, 4.84, 4.87 (m, xi of a poss. ABXY pat­

tern, 2H, H-3 and H-4) , 6.19, 6.23, 6.27, 6.31 (app. d x d, B 

of ABXY, lH, J AB .. lS'.8az t Jax = 8.4H~, CHeY-QI), 6.63~ 6.?1 

(app. d, A of ABXY, lH, JAS - 15.8Hz, JAX < 1Hz, CH=CHPh) and 

7.2 - 7.4 (m, 5H, Ph) ppm; m.s. (EI, 70eV, 88°C) mie: 476 (0.1) 

42i (M+' - 57), 345· (52)'; 75 (58), 73 (92) and'SJ (10.0); 
, 

minor S-lactam (+) -lli: [ci]OZ3 +65° (c O.6,,,,CHC13); i.r. 

(film) \lmax: 2100 lazide.), 1770 ~8-1actam), 1730 (ester), 1650 
-

(ArC-C) and 1390, 1365 (t~~t-bu~y1) cm- 1: 200MHz lH.m.r. (CDC1 3) 

15: 0.01, 0.12 (2., &H, SiMs 2 ) , 0.90 (s, 9H, SiBu t ),' 1.20 (d, 
, 

3a, JS,y. 6.3Hz, CHCB3)' 1.39 (s', 9a, c;bOBu~), '4.23 (d, IH, 

Ja"S- 3.7B2:, ~CH(COOR)CH), 4.60 ,Cd x q, lB, ja"s =- 3.7Hz, ,·Js"y'. 

6.38z, CBCH(OSi)Me), 4.75, 4.78, 4.90, 4.9l (ap!?'. d 'x d, x. of a 
~sa. ABXY patter~!_lH, Jax. 8c.8HZ, J~ - 5.2Hz, H-4) 4.87, 

4.89 (app., d, Y of ABXY, lH, . .]\.xy -- 5.2EJz, JB,Y < 1Hz, 8-3),.6.27, 

'. 

.1 
, 1 

'. 
1 , 

1 

" 
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6.32,,6.35,6.40 (app. d x d, B of ABXY, 2H, JAS = 16Hz, Jax"'; 

8.8Hz, CHCB-CH), 6.60, 6.68 (app. d, A of ABXY, 1H, JAS -16Hz, 

JAX < 1Hz, CH-CHPh) and 7.2 - 7.4 (m, SH, Ph) ppm; m.s. (El, 

70eV, 94°C) mie: 458 (0.1, M+' - 28), 430 (l, M+' - 56), 345 

( 81), 7 3 ( 91 ) and 5 7 (100). 
{,- , , 

Benzy1 L-Serinate Hxdrochloride [(-l-Z!]b9,63 

The preparation of benzyl L-serinate hydrochloride [(-)-Z!] 

from 10 mmol of BOC-L-Ser 64,183 (127) was identical to that of 

benzy1 D-threonate hydrochloride [( +) "fi, p. 118 1. BOC-L­

Ser-OBn (l!!) was obtained as an oil in 85% yield after chroma­

tography with 1300 ml of 40% EtOAc/hexanes. (In a subsequent 

reaction starting from BOC-D-Ser, BOC-D-Ser-OBn was obtained as 

a white solid with m.p. 70 0 
- 71°C.) BOC-L-Ser-OBn: [a) 23 -3° o 

(c 4, CHC13); i.r. (fi~m) vmax : 3430 (NH), 1740 (ester), and 

1705,1500 (urethane) cm·l ; IH.m.r. (COC1 3 ) 6: 1.45 (s, 98, 
t 

OBu ),2.97 (bt, 1H, Jo,e- 5Hz, exchanqeab1e, OH), 3.6 - 4.6 

(m, 3H, 'NHCBCH20H) 1 5.22 (s, 2H, OCH2Ph), 5.61 (d, IH, JN a"" 
.J 

7Hz,'exchangeable, NB) and 7.33 (s, SH, Ph) ppm; m.s. (El, 

70eV, 68°C) mie: 
+. 26 5 ( 0 . 4, M - 3 0), 91 ( 7 3), 60 ( 4 7 ) and 5 7 

(100) • 

Treatment of BOC-L-Ser-08n (!!!) vith ~her saturated with 

hydroqen chloride gas63 ,gave 1.8 q (77~) of L-Ser-OBn.HCl 

";<->-!!] which was re~rystallized twice from sec-propanol/ether 

to qive fine white need1es: 
-, 

m.p. 172.5° - 174.5°C (lit. 6I : 

• 

, 
r' 

J 
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-
172°' - 174°C); [CI)D 23 -6.P (c 4.5, MeOH) (lit.: [CI]D -4.19 0 

(c 4.53, MeOH)129 and [a]O -4.1 ± 0.5° (c 4.4, MeOH)61) 1 

i-r. (KBr) vmax : 3360 (hydroxy1), 3150 - 2500 incl.uding 3030, 

2900,2750, 2620 (~NH3) ~nd 1750 (ester) cm- l ; lH.m.r. (OMSO-d 6 ) 

ô: 3.91 (bd, 2H, JCI~ B = 3Hz, CHCH20H) , 4.16 (bt, lH, J CI, B = 3Hz, 

+ , 
H3N C8CH2) ' 5.23 (s, 2H, OCH 2Ph) , ~67 (bs, OH) , 7.2 - 7.5 (m, 

SH," including s at 7.34, Ph) and 8.53 (bs, +N8 3) ppm. 

Benzyl O-tspt-Butyldimethy1silyl-L-serinate (_)·~11o 

Benzyl L-serinate hydrochloride [(-)-!!' 0.23 g, 1.0 mmoll 

was added to a mixture of imidazol& (0.25 g, 3.6 mmol) and te~t­

butyldimethylsilyl chloride (0.22 g, 1.5 mmol) in 2 ml of dry 

HMPT and stirred for 18 hours at room temperature under nitrogen. 

This mixture was then poured into water (20 ml) and extracted 

with 1:1 ether/p.e. (5 )( 50 ml). The combined organic. phases 

were concentrated, taken up in p.e. (100 ml), extracted with 

brine (10 x 20 ml) to remove the HMPT, dried and concentrated 

in vaouo to 0.26 q of oil (85% crude). ~F1ash chromatography 

using U.S.P. ether yielded 0.24 9 (75%) of (-)-1!!: {a] 23 -10° o 
3380, 3320 (NH 2 ), 1740 tester), 

1 l " 1600 (amine) and 1260, 840 (5i1yl ether) cm-; H.m.r. (CDC1 3) 

6: 0.00 (., 68, Sill_2) 1 0.83 (s, 9H, SiBu t ) , 2.08 (bs, 28, ex­

chanqeable, 6B2)' 3.4 - 4.1. (m, po •• ibly an UX pattern, 3R, 

NB2CHCB20Si), 5.13 (s, 2B, OCB2Ph) and 7.29 (s, SH, Ph) ppm; 

m.l. (El, 1SeV, 41°C) mie: 310 (4, M+· + 1), ~94 (1), 252 (51), 
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174 (35) and 91 (100). 

Benzyl O-t9rt-Buty1dimethylsi1yl-N-cinnamylidene-L-serinate 

(ll.2.) 50 

A mixture of benzyl O-ts'l't-butyldimethYisi1y1-L-serinate 

[(-)-129, 0.14 g, 0.45-mmol] and trans-cinnamaldehyde (O.06 ml, 

0.5 mmol) in 5 ml of dry CH2C12 was refluxed for 1 ho ur using 

a modified Dean-Stark apparatus fi11ed with 3A molecu1ar sieves. 

After stirrinq in the presence of MgS0 4 (anh.) at room tempera-

ture for another hour, the mixture was filtered and evaporated 

te gi~e Schiff base _130 as a yellow oil; i.r. (film) v :" max 

1740 (ester), 1635 (~,B-unsaturated imine) and 1615 (sh, ArC-C) 

cm-li lH.m.r. (CDC13) ô: 0.00 (s" 6H, SiMez), 0.83 (s, 9H, SiBu t ), 

3.7 ... 4.3 (m, 3H, NCHCH20Si) , 5.26 (s, 2H, OCHzPh) , 7.00 (app. d, 

2H, J = 4.5Hz, N=CBCH=CH), 7.2 - 7.5 (m,10Hz, including s at 
, 

7.37, 2:1t Ph), and 8.05 (app. t, lH, J ::: 4.5Hz, N-CHCB=-CHPh) ppm. 

a-Lactams (+)-I!! and ~-)-132so~SI 
, 
Schiff base 180 (0.45 mmol, see above) and disti1led NEt3 

(80 ~l, 0.58 mmol) in 4 ml of dry CH2C1Z were oooled in an iee-
41 

salt bath (-15°C) under nitrogen. A solution of azidoacetyl 
J 

chloride 131 (50 ~l, 0.55 nunol) in 1 ml of dry CHzCl2 was added 

dropwise over- JO minutes, and stirring continued at -15 0 to 

·lOoC for another hour. Dilution with hexanes (50 ml), succes­

sive washinq with brin~, lOt HCl (twice)', sato NaSS03 (twice), 

sato NaHC03 and brine, then drying and solvant evaporation 

1 

\ 
l 

1 
~ 
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yie1ded 0.19 9 of ye110w oi1. The major, non-polar component 

of this oi1 was separated fram the minor, polar component (as 

detected by t.l.c., 20% EtOAe/p.e.) by f1ashchromatography with 

200 ml 19% ~tOAc/hexanes followed by 100 ml 25' EtOAc/hexanes. 

The non-polar fraction proved to he 0.119 (48% from l!!) of 

mixed s-lactams 131 and l!!, and the polar frac 'on 0.05 9 (~") 

of amide (+}-L!! (p. 63 ). 

HPLC (Waters 440, MeOH/EtOAc/hexanes 

min., 1 recycle) of the mixed a-1actams showed that the two 

stereoisomers were present in the ratio of major:minor - 79:21 

wi~ retention times (before recycling) of 32 and 34.8 min. re­

spective1y. separation on a semi-preparative sca1e was accom- , 

p1iahed under slight1y different conditions (MeOH/EtOAc/hexanes 

(0.1:8:92),2 recycles) giving retention times (before recy­

clinq) of 10.8 and 12 min. respectively: 

major S-lactam (+) -131: [a] 023 +62 0 (c 1. 4, CHC1 3 ); 

J-
i.r.- '(film) vmax : 2100 (azide), 1770 (a-1actam), 1740 (ester) 

and 1650 (ArC-C) cm 1; 200MHz lB.m.r. (CDC1 3 ) 6: -0.06, -0.04 

(2a, 6H, SiMs2), ~.84 (s, 98, SiBu t ), 3.9 - 4.1 (m, AB part of 

a poss. ABX pattern, 28, JAS· 10Hz, CHCH20Si), 4.51, 4.53~ 

4.54, 4.56 (app. d x d, X of aqove ABX, lB, J = 4.5Hz and 6.4Hz, 

~NCHCB20Si), 4.71, 4.73, 4.75, 1.77 (app. d x d, X of a poss. 

ABXY pattern, lH, Jax - 8.7HZ, J xy - S.lH~-4), 4.83, 4.86 

Cappa d, y of ABXY, 1H, J xy • 5.1Hz, J SY < 1Hz, H-3), 5.09, 

5.15, 5.21, 5.27 (ABq, 2B, J AB • 12.1Hz, OCH2Ph), 6.17, 6.21, 

l 
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6.25, 6.29 (app. d x d, B of ABXY, lH, J AB - 15.9HZ,'J
BX 

-

8.7Hz, CHCe-CH), 6.63, 6.71 (app. dl A of ABXY, lH, JAâ • 15.9 . 
Hz, JAX < 1Hz, CH=Ceph) and 7.3 - 7.5, (~i 10H, inc1udinq 2s at 

1.)4 and 7.37, 2)( Ph) ppm; m.S. 'CEl," ~oev, 70°C) mie: 418 (l, 

M+· - 28), 463 {2}, 424 (1.5), 423 (6)~, 422 (19), 421 (60) and 

91 (100); ~a1. ca1cd,. for C27H3'+ N40ltSi: C 64.00, H 6.76, 

N 11.06; found: C 63.71, H 6.7~, N 10.67. 

minor a-1actam (-)-l!!: (HPLC indicate~ ~ 1 - 2% Gf (+)-131 , -
still present) [a]o,3 -50 Q (0.6, CHC1 3); i.r. (film) v

max
: 

2100 (azide), 1170 (a-1actam), 1750 (ester) and 1650 (weak , 

ArG=C) cm- l ; 200MHz lH.m.r. (COC1 3) ~: 0.06 (s, ~H, SiMe2)' 

0.89 (s, 9H: SiBu t ) , 4.0 - 4.2 (m, poss. Aé part of an ABX 
1 

p~ttern, 28, J AB • 10.5Hz, CHCH,OSi), 4.38, 4.41, 4.42, 4.45 
1 

(app. d)( d, X of above ABX, 1H, J:;: 7.5Hz and,1'.2HZ, 
~l ~~ 

NCe(COOR)CH), 4.S~, 4.5~, 4.60, 4.63 (app(_~ d, X of a poss. 

ABX!- pattern, LB, J XY - 5.1Hz, Jax. 9.1HZ, 'H-4), 4.80,4.83 

(app. d, y of ABXY, 1H, J xy - 5.1Hz, Jay < 1Hz, H-3), 5.12 
J 

(s, 2H, OCH,Ph), 6.16, 6.21, 6.24, 6.29 (app. d )( d, B of ABXY, 

1H, JAS .. lS.9az, Jax" 9.1Hz, CHCe-CH), 6.60, 6.68 (a'pp. d, 
, 

A of ABXY, lH, J AB .. 15.9Hz, JAX < 1Hz, CH-CHPh) and 7.2 - 7.4 

(m, lOB, including 2s at 7.31 and 7..33, 2>< Ph) ppm; m.s. (El, 

10eV, 76°C) mie: 478 (1.5, M+· - 28), 463 (2) 1 424 (1.4), 423 

( 6), 422 ( 19), 4 21 (56 ) and 91 ( 10 0) • 

Amide (+)-l!! was further purified by chromatoqraphy with 

25% EtOAc/p.e.; [0]023 +12° (c l, CHC1 3); i.r. (film) vmax : 

3420, 3320 (NB), 2110 (azide), 1745 <a-lactam) and 1685, 1520 

--\ 

1 
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(amide) ·cm-l; lH.m.r. (ÇDC13) ô: 0.00, 0.03 (21, 6H, SiNs2), 

0.88 (s, 9R, SiBu t ), 3.73 ~ 4.25 [m, 4H, including 4.02 (s, 

N3CH2CO), 3.73, 3.79, 3.89, 3.95 (app. d x d, B of an ABXY pat­

tern, J AB a 10Hz, J BX • 3.5Hz) and 4.04, 4.08, 4.21, 4.25 (app. 

d x -d, A of ABXY, J AB - 10Hz, J BX = 2.5Hz) CHCBzOSi1, 4.60, 4.65, 

4.70, 4.73, 4.78, 4.83 (app. d x t, X of ABXY, IH, J • 3Hz, J XY = 
8Hz, NHCH(COOR)CH2), 5.22 (s,_2H, OCB2Ph), 7.1'1 (bd, y of ABXY, 

lH, J xy ~ 8Hz, NB) and 7.37 (s, 5H, Ph) ppm: m.s. (El, 18eV, 68°C) 

ml e : 364 (M+ - 2 8), 335 (18), 308 (12), 3 a 7 (52 ) and 91 (100). 

Azidoacetic-d 2 Acid (lli) 131 

Chloroacetie acid-d 3* (l!!, 2.4 g, 25 mmol) and sodium 

azide (1.8 g, 27 mmol) were added successively to 10 ml of ice­

cold 2.7N NaOH. Ether (la ml) was layered onto the mixture and 

heated under reflux for 39 hours. The ether was evaporated and 

raplaeed with CH2C12 (20 ml). The mixture was then cooled in 

iee, acidifie~ slowly with 14.5 ml of ice-eold 2N H2S0~ and 

allowed to warm to room temp~rature (about 1 hour) with stir-

finq. Separation of the phases, extraction of the aqueous 

layer with CH2C12 (9 x 20 ml) and normal processing of the com­

bined organic layera yielded 2.1 9 of yellow oil (80% crude) • 

Another 0.5 9 oil was obtained by continuous extraction 

of the aqueous phases with ether overniqbt to qiye a total of 

2.6 q (quantitative) of crude azidoacet~c-d2 acid (137): 

*Supplied by Merck" Sharpe and Dohme, Ltd, Montreal, P.O. 
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ior. (CH2C12) "max: 3500 - 2400 includinq 266.0 1 2S.~O (COO-H), 

2180 (C-D), 2110 (aziae) and 1730 (carboxyl) cm 1; lH.m.r. 

(~DC13) 6: Il.2 (s, cooe) ppm; m.s. (El, 70eV, 130°C) mie: 

10 3 ( M + .), 7 3 ( 29), 4 4 ( 100), 31 ( 2 6), 30 ( 23), 2 9 (4 0 ) and 

28 (84). 

Azidoacetyl Chloride-d2 (ll!)l3l 

Distil1ed thionyl chloride (3.5 ml, 48 mmol) was added 

dropwise to an ice-cold solution of crude azidoacetic:d 2 acid 

(~, 2.6 q, 25 mmol) in 1.5 ml of dry CH2C12' Effluent gases 

were collected in a trap of cold (OOC) SN NaOH. When addition 

was complete, the reaction mixture was heated in an oil bath 

(temperature monitored so as not to exceed 55°C) for 3 hours. 

Gas evolution appeared to stop after about 2.5 hours. After 

cooling, the reaction mixture was fractiona11y disti11ed in 

vaouo (water aspirator) at room temperature to remove solvent 

and residual thionyl ch1oride, and then the temperature was 

'raised slowly unti1 2.2 q (74%) of azidoace~yl chloride-d2 (!!!) 

as a clear liquid vere collected at 38° - 39°C/IO Torr (lit. 

for N3CH2COC1 131 : 41°c/12 Torr): i.r. (film) "max! no ab­

sorption around 3000 cm-l, 2180 (C-D), 2110 (azide) and 1820, 

1790 (scyl ha1i~e) cm-l. 

3-0eutero-ê-lactams (-)-l!! and (+)-~ (from O-Thr-OBn) 

Schiff base 88 ,(prepat'"ed from 1. 0 mmol of the silylated 

, 
\ 
/. 
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D-Thr-OBn (+) -82 and 1.1 mmol of tl'ans-cinnamaldehyde, p. 121) 

in 4 ml of dry CH2C12 was cooled to -15°C under argon. Treat-
1 

ment with NEt3 (0.18 ml, 1.3 mmol) and a solution of azido-

acetYl chloride-d 2 (138, 0.11 ml, 1.2 mmol) in 2 ml of dry CH2C12 

(with anh. MgSO~) was carried out as for the preparation of 
\ 

(-)-~ and (+)-~ (p. 122). Work-up and chromatography gave 

0.34 9 (65% from (+)-!!) of mixed B-1actams (~)-l!! and (+)-~ 

and 0.09 9 of amide (-)-141 (22%). The two stereoisomérs (pre­

sent in the ratio of major:minor ~ 88:l2)~ere separated by 

HPLC (Altex 300): major 3-deutero-B-lact~ (-)-I!! (compare 

with (-)-~, p. 123): [Cl]023 -129° (c 4.~~ CHC13) ~ ior. 

(film): no significant differences; 200MHz IH.m.r. (CDCI 3) 

ABXY pattern became ABX, ô: 4.90, 4.94 (app. d, X of ASX, IH, 

J BX = 9.3Hz, JAX < 1Hz, H-4), 6.16, 6.21, 6.24, 6.29 (app. d x 

• 6 
d, B of ABX, 1H, JÂB'- 15.9Hz, J BX • 9.3Hz, CHCH-CH) and 6.56, 

6.64 (app. d, A ~f ABX, 1H, JAS ~ 15.9Hz, JAX < 1Hz, CH=CBPh) 

ppm; m.s. (El, 16ev, 74°C) m/e: ·493 (S, M+' - 28), 438 (10), 

437 (34), 436 ( 100), 435 ( 43), 159 ( 57) and 91 (73); 

minor 3-deutero-a-1actam (+)-~ (compare with (+)-~, p. 123): 

[Cl]023 +38°' (0.5, CHC1 3) i F.T.i.r. (CC1 4 ) "max t 2109 (azide), 

1774 (a-lactam) and 1750 (ester) cm-li 200KHz IH.m.r. (CDC1 3) 

ABXY pattern became ABX, ô: 4.78, 4.83 o(app. d, X of ABX, 1H, 

J BX - 9.1Hz, JAX < 1Hz, H-4), 6.25,6.30,6.33, 6.38 (app. d x 

d, B of ABX, lH, JAB - 16Hz, JBX - 9.1Hz, CHCa-CH) and 6.54, 

6.62 (app. d, A of ABX, 1H, J AB .= 16HZ, JAX < 1Hz, CH-CBPh) ppm; 

. -- -- -----._------~_. _ ... -------~- -

t 
1 
i 
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1 
m.s. (El, 

+. 
16eV, 7S0C) mie: 493 (3, M - 28), 438 (4), 437 

(45) ,\35 (lB), 159 (55) and 91 (100). 

Note: Each of these diastereomers displays a small d (J • 5Hz) 

in its 200MHz lH.m.r. spectrum indicating 20 to 25% exchange of 

o for H at H-3; ô • 4.86 ppm in (-)-~ and 4.90 ppm in (+)-~. 

dideuterated amide (-)-!!! {compare with (-)-!!' p. l24)~ 

[a]o23 -12°C (c 0.5, CHe13) i i.r. (film): no s~gnificant dif­

ferences; IH.m.r. (CDC13): only a small s at ô 3 4.03 ppm in­

dicating about 25% exchange of 0 for Hi m.s. (EI, 70eV, 69°C) 
+. 

mie: 365 (0.1, M - 15 - 28), 364 (0.3), 351 (1.4), 323,'(1), 

322 (1), 159 (19) and 91 (100). 

3-Deutero-a-lactams 142 and 143 (from L-Ser-OBn) 

Schiff base ill (prepared from 0.30 mmol of silylated L-Ser­

OBn (111) and 0.32 mmol of. tl'ane:-cinnamaldehyde, p. 144) in 3 ml 

of dry CH2Cl2 was cooled to -15 0 under argon in the presence of 

MgSO~ (anh.). This was followed by treatment with NEt3 (50 

ul, 0.36 mmol) and then a solution of azidoacetyl chloride-d2 

(!!!' 30 ~l, 0.32 mmol) in l ml of dry CH 2Cl 2 , as in the pre­

paration of the protonated analogues (+)-!!! and (-)-L!!, 

p. 144). Identica1 work-up and chromatography yielded 82 mg 

(53\ trom 129) of mixed S-lactams 142 and 143, and 20 mg (16%) of - - -
amide .l!! (p. 70 ). The two S-1actam8' (present in the ratio of 

major:minor • 77:23) were separated by HPLC (Waters 440): 

major 3-deutero-~-lactam ill (compare with (+) -lJ1, p. 145) : 

. 
~ , 
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II/1II 
,.. (CO~13) ABh ohanged. to ABX, 5 : 4 • 71, 4 .. 76 (app. d, X of ABX, 

IH, JBX - 9.9Hz, JAX < 1Hz, H-4), 6.16, 6.,21, 6.24, 6.29 (app. 
. 

d x d, B of ABX, IH, JAB • 15.9Hz, Jax - 8.8Hz, CHCe-CH) and 

6.63, 6.71 (app: d, A of ABX, lH, JAS • 15.9Hz, CH-CHPh) ppmi 

m.s. (El, 70eV, 71°C) mie: 479 (l, M+' - 28), 464 (2), 424 (5), 

423 (17), 422 (47), 421 (23) and 91 (100); 

minor 3-deutero-S-1actam!if (compare with (-)-l!!, p. 146): 

i.r. (film): no significant differenf!ea; 200MHz lH.m.r. (COC13) 

ABXY pattern changed to ABX, 6: 4.57, 4.61 (app. d, X of ABX, 

lH, J BX " 9.1Hz, JAX < 1Hz, H-4), 6.16,6.21, 6.24, 6.29 (app. 

d ~ d, B of ABX, 1H, JAS = 15.9Hz, J BX = 9.1H~, CHCB-CH) and 

6.60, 6.68 (app. d, A of ABX, 1H, JAS = 15.9HZ, JAX < 1Hz, 

CH-CBPh) pprD; m.s. (El, 70eV, 59°C) mie: 479 (l, M+' - 29), 

464 (1.4), 424 (4), 423 (13, 422 (37), 421 (19) and 91 (100); 

Note: Both of these diastereomers display a sma1l d (J D 5Hz) 

in their 200MBz IB.m.r. spectra indic~tin9 about 25% exchange 

of 0 for H at H-3i 'ô • 4.80 ppm for ill and 4.92 ppm for ill. 

dideuterated amide li! (~ompare with (+)-l!!, p. 146): 

Lr. (film):. no significant differencesi lH.m.r. (COC1 3) 

no s for 2B at ô - 4.02 ppmi m.s. (El, 70eV, SOOe) mie: 

337 (4, M+ - 57), 309 (1), 308 (l) and 91 (100)! 

\ 

\ 
( l 
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3-0eutero-B-lactams 147 and (-)-ll! (fram L-Ser-OMè) 

1 Methyl O-tB~t-butyldimethylsilyl-N-cinnamylidene-L-serinate 

(111, p. 53 ) was prepared as dascribed by Just and Liak SI from 

methyl O-t6~t-butyldimethylsilyl-L-serinate81 (~, p. 31 , 

0.42~g, 1.8 mmol) and distilled t~an8-cinnamaldehyde (0.23 ml, 

0.24 g, 1. 8 mmol) • • 

A suspension of MgSO~ (anh.), Schiff base 111 and disti~led 

NEt 3 (0.32 ml, 0.23 g, 2.3 mmol) in 5 ml of dry èH 2C1 2 was 

cooled in an ice-salt bath (-15°C) under argon. Azidoacetyl 
" 

chloride-d 2 (,ill, 0.20m1, 0.26 g, 2.1 nunol) in l ml of dry 

CH2C12 was then added .dropwise over 20 minutes. The mixture 

was allowed to st1r at -15 0 to -10°C for another 70 minutes, 

then filtered and diluted with 1:1 ether/hexanes (100 ml). 

Washing successively with prine, 4% HCI, sato NaHS0 3 and brine, 

drying and concentration in vaouo gave 0.60 g of a yellow,oil 

which still contained cinnamaldehyde as weIl as the expeeted 

a-Iactam mixture and amide (t.l.e., 30% EtOAc/hexanes). 

This oi1 was separated by chromatography with 200 ml of 

hexanes, 400 ml of 24% EtOAc/hexanes and finally 200 ml of 30% 

EtOAc/hexanss into 0.45 9 (58\ crude) of mixed e-lactams l!r 

and li! as a yellow waxy solid {(a]o23 +2 (c S, CHCI 3)}, and 

0.09 9 (16'> of amide Ii! as an oil. HPLe (Waters 440, MeOH/ 

EtOAc/hexanes fO.l:S:95), 5.0 ml/min.) of the mixed B-laetams , 
showed ·the presence of two stereoisomers in the ratio of minor, 

less polar to major, more polar i~omer • 18:82 with retention 1 
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times of 55 and 58 minutes respectively. 

These conditions were used to isolate from a small quantity 

of the mixture, pure (-)-l!!, the ma'or diastereomer, as a white 

powder: major 3-deutero-S-lactam (-)-li!: m.p. 80.5° - BloC 

(lit. 81 

(KBr) vmax : 2120 (C-O), 2100 (azide)~ (S-lactam) and 1750, 

1735 (ester) cm- 1 ;. 200MHz lH.m.r. (COC1 3) ô: -0.08, -0.06 (~S, 

6H, SiMs 2 ) , 0.80 (s, 9H, SiBut ), 3.71 (s, JH, eOOCH 3 ) , 3.83, 

3.85, 3.88, 3.90 (B of an ABX pattern) and 3. 91 " 3. 94 , 3.95, 

3.98 CA of ABX, 2H, app. J
AB 

:1 9~5Hz, J = AX 
4Hz, Jax .. 6. 5Hz, 

CHCH20Si) , 4.45, 4.47, 4.48, 4.50 (app. d x d, X of above ABX, 

1H, JAX :1 6.5Hz, Jax = 4Hz, NCH(COOR}CH 2), 4.74, 4.78 (app. d, 

X of a second ABX pattern, 1H, Jax = 9.0H~AX < 1Hz, H-4,>, 

6.15, 6.19, 6.23, 6.27 (app. d x d, B of r ABX, IH, J AB :1 15.9 
,,)....,. nd 

Hz, J BX = 9.0Hz, CHCH=CH) , 6.66, 6.74 (app~,~ of 2 ABX, lB, 

J AB .. 15.9Hz, JAX < 1Hz, CH-CHPh) and 7.2 -- 7.3 (m, SH, Ph) ppm; 

a small d (J ~ 5Hz) at ô :1 4.85 ppm indicated about 25% exchange 

of D for H',at H-Ji m.s. (El, 70eV, 5-Q°C) mie: 403 (2, M+' - 28) 1 

348 (11),347 (361, 346 (86),345 (28), 118 (100) and 89 (99). 

" HPLC was not as satisfactory'a procedure for the isolation 

of pure minor isomer 147. Therefore, the crude S-lactam mixture -
was recrystallized from hexane to give needle crystals with m.p. 

79° - 80 0 e and identical spectral characteristics to (-)-~ 

above. Pure l!r was _then more easily obtained by HPLC separa- \ 

tion from the mother liquor which now contained a ratio of'minor 

to major isomer of about 40,:60: minor 3-deutero-B-lactam 147: 

J , 
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1.r. (film) v : 2110. (C-D and azide), 1775 (a-1actam} and 
max 

1750 (estar) cm-l,' 200MH "lH m r (CDel) ô .,. z .~. 3: 0.04 (s, 6B, 

t " SiMsz), 0.85 (s, 9H, SiBu ), 3.65 (s, 3B, COOeH3)' 3.94, 3.97, 

3.99, 4.0~ (a of an ABX pattern) and 4.03, 4.07, 4.08, 4.12 CA 

of ABX, 2B, JAB = 10.5H2, JAX = 5.1Hz, Jax = 7.9Hz, esCHlOS1), 

4.29, 4.32, 4.33, 4.36 Cappe d x d, X of above ABX, lB, JAX = 
7.'Hz, J BX = 5~lHz, NCH(COOR)CHZ)' 4.54, 4.58 Cappe d, X of a 

second ABX pattern, IH, Jax = 9.0Hz, JAX < 1Hz, H-4) , 6.19, 6.23, 

6.27, 6.31 (app. d x d, B of 2nd "ABX, IH, J = AB 
15.9Hz, J BX • 

9.0Hz, CHCH-CH), 6.60, 6.67 Cappe d,lA);,f 
, '\ 

ABX, 1H, J AB = 15.9 
l' 

Hz, JAX < 1Hz, ~-CHPh) and 7.2 - 7.4 (m, 5H, Ph) ppmi a small 

d (J = 5Hz) at & • 4.81 ppm indicated about 25% exchange of 0 

for H at H-3: m. s. (El, 70eV, 59°C) mIe: 403 (4, M+' - 28) , 

348 (12), 347 (41), 346 (100), 345 (32), IlB (57) and 115 (56). 

dideuterated amide!!!: i.r. (film) vmax : 3420, 3350 (NB), 

2110 (C-D and azide), 1750 (ester and 1680, 1530 (amide) cm- 1 ; 

lH .. m.r. (CDC13) ô: 0.00 (s, 6H, SiMez), 0.83 (s, 9H, SiBu t ), 

3.69 - 4.14 {m, 5H, ~ncludin9 3.69 (s, COOCH3)' 3.80, 3.B6 

(partial B of an ABXY pattern, Jax • 3.5Hz) and 3.94, 3.98, 

4.10, 4.14 (A of ABXY~ J AB - 9.5Hz, JAX = ~.5HZ), CHCH20Sil-, 

4.47, 4.52, 4.58, 4.~2, 4.67,' 4.73 (app. d x t, 'lof A8XY, la, 

JAX - 2.5Hz, Jax • 3.5Hz, J xy S B.5Hz, NHCH(COO~)CH2) and 6.97, 

7.11 (bd, 'l of ABXY, lB, Jx~ • 8.5Hz, NH) ppm. 

--__ ~,i~.-"~ ... -.~--.-----··-· ____ • _____ I.~~g,~~ ____ _ 
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-:-taAPTER 3 ' . - .; 

.155, 

2"Cinnamf1ideneamino-2-deoxr-B-O~qlucop;{ranose (m) 149 - iSl 

t-\,ans-Cinnamaldehyde (0.60 ml, 0.63g,. 4.8 mmol) was ad8ed . 
to a mixture of 2-amina-2-deoxy-O-glucopyranose hydrochlori~e 

(ill, 1.0 g, 4.6 mInol) in 4.7 ml of IN NaOH. This mixt1l'lre was 

shaken at room température until it was a soUd mass (about 20 

min.) , cooled to aoc ~nd filtered. The residue was rinsed 

twice with ice-watèr, once with cold EtOH/ether (1;1) and twice 
, 

with anhydrous ether ta gJ.ve 1.03 g (75%) of ru.: 'a~' a white, 

powder which was pure enough for characterizat~on purposes: 

m.p. 159 0 - ,160°C; [al0~3 +14 0 '('c 2, pyridine); i.r. (Kar) 

vmax : 3440 - 3200 (hydroxyls), 1625 (a, e-un~urate~ imine) 

and 1610 (conjugated C~C) cm- 1 ; 200M,Hz la .m.r. _(OMSO-d 6 ) ~: 

2.73 (bt, lB, J = 8Hz, H-2), 3.1 - 3·~8 (mi H"",j, H-4, a-s, H-6), 
~ /1 " 

4.5 - 4.7 [m, 2B, including 4.59 (t, J = 6Hz, exchangeable, 
.c. , 

(C-6)H20H) and 4.66 (t, J .• 7Hz, bec:comes bd, J" 7Hz," on·020 

treatment, H-l) 1, 4'::89 (~, lH"; J • 5Hz, exchangeab1e, (C-4 or 

C-3) HOH) , 4.99 (d, lH, J • '6Hz, exchangeab1e, (Ç-3 or C-4) BOH) , 
, 

6.60 (d, lB, J • 7H-z, exchangeable, , (C-1)HOH), 6.85, 6.90, 6.93, 

6.98 (app. d 

Sz, N*CHCH-CH), 7,.10, 7.18 (app. 

Hz, Jax.. - 9 

JAB • 16Hz, 

! 
Î 

1 

1 

I.~ 
i 
! , 

J, :_' ______________ ---:-- l', 
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, 

\ 
~.\<---lifZ, CH-CHPh), 1.3 - 7.6 (m, SH, Ph) 4nd 7.96 (app. d, X 

of ABX, lB, Jax ~ 9Hz, JAX < 1Bz, N-CHCH-CH) pprni Anal. ca1cd. 

for ClS,H19NOS: C 61.42, H 6.53, N 4.77; found: C:61.52, 

B 6. 54, N 4. 57 • 

l,3,4,6-tetra-O-Acetyl-2-cinnamylideneamino-2-deoxY-B-D-gluco­

Pyranose (l!!)lS2 

Schiff base 172 (0.59 9, 2.0 mmol) , suspended in 2 ml of 
- .r" .. 

dry pyridine a~d 1.0 ml of acetic anhydride (11 mmol) "was 

stirred for 18 hours at OOC. Solid Na2COa.H20 (0.80 g, 13 mInol) 

was added and stirred for another 2 hours, then poured into fce­

water. The'resulting white precipitate was filtered, then taken 

up in CHCI a, wasbed vith brine ()(3), dried (anh. K2COa) and 

evaporated to an oil which was triturated with hexanes to give 

a flocculent prec±pitate. Filtration' yielded 0.65,q of l1!. A 

further 0.13 9 was obtained by similar treatment of the residue 

f;-om filtrate evaporation for a total of 0.78 g (85%). A small 

quantity was recrystal1ized from EtOAc/hexanes for characteri-

zation purposes: m.p. 211.5· - 213°C (dec.); [0] 23 +58 0 

o 
(c 3, CaCla); i.r. (KBr) vmax : 1760, 1740 (acetates), 1640 

: 

(a, B-unsaturated imine), 1620 (conjugated CaC) .and 1380, 1370 

(COCHa) cm-1 : lB.m.r. (CDCla)~: 2.13, 2.22, 2.24, 2.27 (48, 

12H, 4x OAa), 3.42 (d x d, lH, Jl 2- 8.5Hz, J2 3= 9Rz, H-2), 
~ ~ 

3.86 - 4.60 [m, 3B, inoludinq 4.00 (poss. d )( d )( d, J'+,,5 - 9Hz, 

Js"sa· 4.5Hz, J5~6e • 2Hz, H-S), 4a14 (d )( ,d, Js,,6e· 2Hz, 

1 
.J 
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J6a,6e 111 12.5Hz, H-6e) and 4.46 (poss. d x d, Js"sa= 4.5Hz, 

J6a,6e = 12.5Hz, a-6a) ] , 5.01 - 5.61 [m, 2H, including 5.16 

(app. t, J3,4 • J,+,,(. 9Hz, H-4) , and 5.47 Capp. d x d, J2 3 = J 
8.5 

\ 
Hz, J3,4= 9Hz, H-3)'] "I 5.95 (d, lH, JI J 2 = 8. 5Hz, H-1) , 6.9 - 7.1 

(m, 2H, N ... eHCB.CBPh)\~3 - 7.7 (m, 5H, Ph) and 8.06 (app. d x 

d, lH, J ;:& ~Hz an4}6.5HZ, N~~CH=CH) ppmi m.s. (CI/lB, 100°C) 

mie: 418 (4 , (M + 1) + - 44) and 282 (100); Anal. calcd. for 

e23H27N09: C 59.86, H 5.90, N 3.04; found: e 60.00, H 6.03, 

N 3.20. 

ê:-Lactams (+)-ll! and (_)_illSO,51 (fram e--anomer) 

Acetylated Schiff base 173 (0.65 g, 1.4 mmol) in 5 ml of 

dry eH2c12 was cooled to -15°C. Distilled NEt3 (0.25 ml, 1.8 

mmol) was added, followed by the dropwise addition of azido­

acetyl chloride 131 (0.15 ml, 0.20 9, 1.6 mmol) in 1 ml of.dry 

CHZC12 over 15 minutes. -The mixture was stirred another 75 min­

utes (for a total of 1.5 hours) at -150 to -lOoe, then diluted 

with 'ether/hexanes (1:1) and filtered. After successive wash-

inqs with brine, 4% HC1, sato NaHS03' sato NaHC03 and brine, 

the filtrate was dried and concentrated in vacuo to qive an off-

white solid. (T.l.c. in both 40% ahd 60% EtOAc/hexanes showed 

~ly one component. ~ This so,lid had a tendency to erystallize 

from EtOAc/hexan.s, but ainee it vas 'desirable to avoid frac­

tional crysta11ization, it vas purified by chromatography. The 

sample was applied to the column in CH2C11I then e1uted with 

• 



o 158 

39% EtOAc/hexanes (1000 ml) and 44% EtOAc/hexanes (1000 ml). 

The c1ear oi1 obtained was trit~ated with ether ta give 0.73 9 

(9S%) of mixed a-lactams ill and ill "as a white powder: m.s. 

(CI/lB, 103°C) mIe: 517 (100, (M + 1)+ - 28),397 (100, (M + 1)+ 

- 2 B - 60 - 60) and 338 ( 73) • 

Examination of this product by HPLC revea1ed a ratio of 
1 

less polar to more polar stereoisomer of 49:51 with retention 

times of 21 and 24.5 minutes respectively. Crysta11iz~tion by 

addition of hexanes to 1:1 EtOAc/CH2C12 resu1ted in two types 

of crysta1s, needlas and rhombohedra. A sufficient quantity for 

the characterization of each crystal type was obtained by the 

Pasteur method 154 using tweezers and a reading 1ens. Each was 

identified by its retention time on HPLC: less polar a-laetam 

(+)-l1! (needles): rn.p. 153 0 - lS6°Ç (dac.) i [al o
23 +145 0 

(e L 5, CHC1 3 ): i.r. (KBr) "'max 2100 (azide), 1775 (sh, B-1ae­

tam), 1760, 1735 (acetates) and 1365 (COCH 3 ) cm-1 ; and (CHC1 3 ) 

va: 2110 (azide), 1775 (a-1actam), 1150 (sh, acetates) and rn x 
1370 (COCH3 ) crn- 1 ; 200MHz IH.m.r. (CDC1 3 ) 6: 2.03,2.06,2.09, 

4.1'7 ( 4 s, 12H, 4)( CA c), 3 • 72 (d x d x d, 1H, J It.t 5 Il 1 OH Z , 

Js,,6a=- 4.5Hz, JS,tSB - 1.5Hz, H-5), 3.96 - 4.07 [m, 2H, 2 sets of 

d x d at 4.01 (Ji 2 • 8.9HZ, J2 3 - 11Hz, 
" .t 

105Hz, J'sa,,6e • 12 .. 6Hz, 8-6e) l, 4.25 (d x d, lB, Js,fa .. 

.. ,,6e 

J6a,6f1 • 12,.6Hz, H-6.) , 4.51, 4.54, 4.56, 4.59 -Cappe d )( d, X of 

_ABXY, lB, Jax· 9.58z, J xy - 5.lHz, 8-4'), 4.72, 4.75 (app. d, 

~ Y of ABXY, lB, J xy - 5.1Hz, J By < 1Hz, H-3'), 5.07 (d x d, 1H, 

On 
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J ,3 If =- 9.2Hz, J4 5 = 10Hz, H-4) , 5.31 (d x d, J 2,,3 <11HZ, 
~ J 

J 3 If::ll 9. 2Hz, H-3) , 5.71 Cd, 1H, JI 2 .. 8.9Hz, H-l) , 5.96, 6.00, 
~ " 

6.04, 6.08 (app. d x d, B of ABXY, IH, J
AB 

,.. 15.7Hz, J BX 
.. 9.5 

Hz, CHCHaCH), 6079, 6.87 (app. ci', A of ABXY, 1H, J
AB 

.. 1507Hz, 

JAX < 1Hz, CH=CHPh) and 7.3 - 7.5 (m, SH, Ph) pprn; Anal. ca1cd. 

for <;5 H 28 N4 0 10: C 55.15, H 5.18, N 10.29; found: C 55.08, 

H 5.13, N 10.47; more pOlar a-lactam (-)-Il! '(rhombohedra): 

m.p. 160 0 
- 163°C (dec.); [a]o23 - 40'tl (c 2, CHCI 3); i.r. 

(KBr) ~ : 2100 (azide), 1775 (sh, a-lactam), 1750 (acetates), max 
1650 (ArC-C) and 1365 (COCH3) cm-li and (CHC13) vmax : 2100 

(azide), 1770 (S-lactam), 1150 (sh, acetates), 1650 (ArC-Cl and 

1365 (COCH3) cm-li 200MHz lH.m.r. ,(eDC1a) 15: ~000, 2.06,2.12, 

2.18 (4s, 12H, 4x OAo) , 3.72 - 3.82 [m, 2H, including 3.77 (d x 

d, J l 2 = 9.0Hz, J 2 3" 10.SHz, H-2) and 3.77 (app. d x d x d, 
J • J 

J 4 5* 10Hz, Js Ga= 4.4HZ, J s 6e - 2.2Hz, H-5)], 4.04 (d x d, 1H, 
J ~ " 

J 5" 6e'" 2. 2Hz, J6a" 6e .. 12. 6Hz, H-6e), 4.23, 4.25, 4.27, 4.30, 

4.32,4.34 [m, 2H, inc1uding 4.28 (app. d)( d, ~s 6a- 4.4Hz, 
'. " 

J Ga,,6e = 12.6Hz, H-6a) and 4.31 (app. d x d, X of an ABXY, JBX :a: 

9.5Hz, J xy " 5.1Hz, H-4')], 4.75, 4.77 (app. d, Y of ABXY, IH, 

J XY - S.lHz, JAX < 1Hz, H-3'), 5.02 (app. t, lH, J - 9.7Hz, 

B-4), 5.33 (d x d, lB, J 2 3. 10.5Hz, J 3 4- 9.3Hz, H-3), 6.03 , " 
(d, lB, JI,2. 9.0Hz, H-l), 6.16, 6.20, 6.24, 6.28 (app. d )( d, 

8 of A8XY, lH, JAS - 15.7Hz, Jax - 9.5Hz, CHCR-CH), 6.73, 6.81 
-

(app. d, A of AeXY, lB, J AB • lS.7Hz, JAX < 1Hz, CH-CBPh) and 

7.3 - 7.5 (m, SH, Ph) ppm; Anal. ca1cd. for C2SH2SNIt010: 

• < ....... "-~-------------- •• --- ---

, . , , 
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C 55.15, H 5.18, N 10.29: found: C 55.30, H 5.29, N 10.20. 

1,3,4,6-tetra-O-Acetyl-2-amino~2-deoxy-a-O-glucopyrano8e hydro­

chloride (!!L)lSS 

The known compound, 2-methyl-4,S-(3,4,6-tri-O-acetyl-2-

deoxy-a-D-glucopyrano)-â 2-oxazoline 156,157 (~6.2 g, 19 mmol) 

was dissolved in 50 ml dioxane and treated with 19 ml of lN HC1, 

added dropwise at 25°C. The solvent was concentrated in vacuo 

(water bath not exceeding 25°C) to 6.8 g of off-white sol-id 

(95% crude) which was purified by precipitation from MeOH by 

ether (anh.) ~o give l?? in B5% yield: rn.p. 179° - 4l0°C (dec.) 

(lit. IS8 : 180°C): [a]023 +146° (c 2, H 20) {lit.-I-sS; [à] 0 20 

+130° (c 1, H 20}}; i.r. (KBr) \lmax: 3100 - c,f400, 2540, 2030 

(+NH3)' 1765,' 1755, 1740 (acetates) and l380,~O (COC,H3) cm- 1 ; 

1 H • m . r . ( CP 3 00) 6: 2 • 0 5" 2. 12, 2. 2 5 (lb sand 2 s , l2H , 4 le OA c) , 

3.90 (d x d, lH, .1t,,2 = 4Hz, J2,,3 = 10Hz, H-2), 4.1 - 4.5 

(m, 3H, H-5, H-6), 5.00, 5.15, 5.32, 5.48, 5.63 (m, 2H, H-3, 
d' 

H-4) and 6.35 (d, 1H-, Jl .. 2- 4Hz, H-1) ppmi m.s. (CI/IB, 38° -

SlOC) m,.4e: 18S (13), 168 (13), 114 (66), 72 (100) and 59 (83). 

1,3,4,6-tetra-O-AcetYl-2-cinnam:l!deneamino-2-deoxy-a-O-gluco-

pyranose (ill) 152 :; 

A solution of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-a-O-' 

\~ucopyranose hydrochloride (177, 5.0 g, 13 mmo1) in 90 'ml of -
MeOH and 60 ml of CH2Cl2 was added dropwise with atirrinç to .. 

, 
j 
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cold (OOC) solution of NaOAc (1.1 g, 13 mmo1) and trans-cinna- (j 
maldehyde (1.7 ml, 1.8 g, 13- Mmol) in 30 ml of MeOH.~(NaOAc in 

MeOH can be added to ll! and Aldehyde without adverse affect.) 

This mixture was then diluted with CH 2C1 2 (120 ml) and washed 

with water (100 ml). The aqueoua l~yer was back-extracted twice 

with CH 2C1 2 (2 x 100 ml) . The combined organic layera were 

tben wa,hed twice with sato NaHC03 and once with brine, dried 
, 

(anh. K2C0 3 ) and evaporated to give 6.0 9 (98% crude) of off-

white solid.:' Precipitation from EtOAc/hexanes gave 5.2 9 (8S%) 

of ~ as a white Agglomeration of fin~ particles.· For charac­

terization purposes, a small portion was reçrystallized from 

absolute EtOH/hexanes to give white needles~ m.p. 173° - 174°C 

(dec.) ; i.r. (KBr) '" max 1750 

(acetates), 1640 (a,B-unsaturated imine), 1620 (conjugated CaC) 

and 1370 (COCH 3 ) cm-li IH.m.r. (CDC13) &: 1.96,2.06,2.12, 

2.22 (4s, 12H, 4x OAc) , 3.61 (d )( d, lH, JI.l2" 3.5Hz, JZ.l3 = 9.5 

Hz, H-2), 3.9 - 4.5 (m, 3B, 8-5 and H-6), 5.0,';" 5.4 (m, lH, 
..., 

H-4), 5.63 (t, IH, J 2.1 3 =- J3.1 4 = 9.5Hz, H .. 3), 6.20 (d, IH, J1.l2= . 
3.5Hz, H-1), 6.87, 6.95, 6.98 (m, 2H, N-caca-CBPh), 7.2 - 7.6 

(m, SH, Ph) and 8.06 (app. d x d, 1H, J • )HZ and 6Hz, N-ORCH-CH) 
/ + 

ppm; m.s. (CI/lB, 93° - 175°C) mie: 282 (100, CM + 1), - 3x60); 

Anal. calcd. for C23R27NOg: C 59.86, H 5.90, N 3.04; found: 

C 59.79, H 5.90, N 3.0S. 

" 

1 

1 
l , 
J 
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li 
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a-Lactams (+) -180 and (+) -181 50.1 51 (from a-anomer) - -
.", 

As in the preparatibn of a-1açtams (+}-lL! and (-)-lZ! 

(p. 157), Schiff base 179 (5.1 g, 11 mmo1) in 40 ml of dry 

CH2C1Z was treated with NEt3 (14 mmol) and azidoacetyl chlo'" 

ride l31 .<13 l1Ul\ol) .in 5 ml of CH2C12' The mixture was diluted 

with ether (10Q ml), then washed with brine, 10% HCl, sato 

NaHC03 (twice) and once more with brine. Orying and solvent 

evaporation yie1ded 6.1 9 (quantitative) of mixed S-lactams 

180 and 181 as a beige solide HPLe (Waters 440, MeOH/EtOAc/hex-- -
'anes (0.1:20:80), 7.5 ml/min.) showed that this mixture conais-

ted of 86:14 major, Iess polar to minor, more polar diastereomer 

with J:etention times of 20 and 31.5 minutes respectively. With 

a change in conditions (MeOH!EtOAc!hexanes (0.1:30:70)', 5.0 ml! 
> 

min.), these retention times were reduced to 11 and 14.5 min-

utes respecti~ely. 

The crude mixture of a-1actams was filtered through a short 

8i1ica gel column in 60% EtOAc/hexanes, and the solvent evapo­

rated. The residue was then triturated with anhydrous ether and 

filtered, yielding 4.7g (76%) of pure major s-lactam (+)-180. A 

small quan~ity was recrysta11ized by addinq he 

tion in 1:1 EtOAc/CH2C1Z giving white needlea: 

B-lactam (+)-~: m.p. 165 0 
- l~S.5°C (dac.): [a)o23 +151° 

(c 2, CHC13) i i. r. (KBr) vmax : 2100 (azide), 1770 (sh, B-lac­

tam), 1750, 1745, 1735 (acetates) ana 1365 (COCH 3) cm-li and 

(CHCI3) vmax 2110 (azide), 1775 (a-lactam), 1760 (broad sh, 

, 

1 

1 

1 ~'9 
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acetates) and 1370 (COCH3) cm -1; 200MHz IH.m.r. (CDC1 3 ) 6: 

1.96,2.05,2.07,2.10 (45, 12H, 4x OAc), 3.92 - 4.2 [m, 3H, 

including 3.96 (d x d, JI" 2 = 3. 3Hz, J 2 .1 3111 11HZ, H-2) and 4.04 

(d x d, J S"S6 = 2.3Hz, J 6a,,6e = 12.4Hz, H-6e) , H-2, H-5, H-6e] , 

4.27 (d )( d, IH, Js,sa= 3.9Hz, J6a,6e = 12.4Hz, H-6a), 4.50, 
,) 

4.52, 4.54, 4.56 {app. d x d, X of a poss. ABXY pattern, 1H, 

J BX = 8.8Hz, J xy = 5.2Hz, H-4'), 4.65, 4.67 (app. d, Y of ABXY, 

IH, J xy '" s •. 2Hz, J By < 1Hz, H-3 1
), 5.10 (app. t, IH, J =-= 9.8Hz, 

H - 4), 5. 76 o( d x d, 1H , J 2 3 = llH z , J 3 4 = 9. 2H z, H - 3), 5. 97 , , " 
6.01, 6.05, 6.09 (app. d x d, B of ABXY, 1H, J

AB 
= 16Hz, Jax = 

8.8Hz, CHCH-CH) , 6.27 (d, lH, J 1 2= 3.3Hz, H-1), 6.69, 6.77 , 
(app. d, A of ABXY, lH, J AB ... 16Hz, JAX < 1Hz" CH=CHPh) and 

7.3 - 7.4 (m, sH, Ph) ppm; m.s. (El, 70eV, 76°C) mie: 520 (0.1), 

516 (9, M + • - 28), 4 56 (8, M + • - 28 - 60), 143 ( 13 ) and 43 ( 100) ; 

Anal. calcd. for C2SH28N4010: C 55.15, H 5.18, N 10.29; found: 

C 54.94, H 5.43, N 10.50. 
{, 

Evaporation of the ether filtrates gave 1.1 9 (18%) of an 

amorphous ye110w solid consisting main1y of minor a-1actam (+)-1!l 

plus some 180 and impurities (t.l.c., 40% EtOAe/hexanes). Al­

though th1s cou1d not be crystal1ized, treatment with charcoa1 

fo11owed by chromatography using 40% EtOAc/hexanes (1500 ml) 

then 50% EtOAc/hexanes (500 ml) gave 0.37 9 (8%) of pure minor 

a-1actam (+)-l!! as a white amorphoua solid: miner, more pOlar 
j 

B-lactam (+) -ill: [CI]023 +10 0 (c 4, CHC1 3);' i.r. (KBr) "max: 

2100 (azide), 1115 (sh, S-1actam), 1760 - 1740 (acetates), 1650 

\ 

1 
,( 
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(ArC-C) and 1365 (COCHs) cm -1; and (CHCl3) v : max 

164 

2110 (azide), 

1775 (B-1actam), 1765 - 1750 (broad sh, acetates) and 1370 

(COCH3) cm-li 200MHz IH.m.r. CCDC1 3) ô: 2.02,2.06,2.08,2.22, 

(4s, 12H, 4x OAo), 3.91 - 4.2 [m, 3H, including 3.95 (d x d, 

JI,2 - 3.4Hz, J2,3 = 11Hz, H-2), H-2, H-5, H-6e], 4.28 Cd x d, 

1H, Js,sa= 3.5HZ, J6a.J6e = 12Hz, H-6a), 4.35, 4.37, 4.40, 4.42 

(app. d )( d, X of an ABXY pattern, IH, J BX - 9.4Hz, Jxy:::I 5.1Hz, 

H-4'), 4.75,4.78 Capp. d, y of ABXY, lH, J XY .. 5.1Hz, J By < 

1Hz, H-3'), 5.06 (app. t, IH, J:III 9.7Hz, H-4), 5.73 (d x d, 1H, 

J3 1+" 9~2Hz, H-3), 6.11, 6.16, 6.19, 6.24 (app. 
J 

d )( d, B of ABXY, lH, JAB - 15.8Hz, J
BX 

.. 9.4Hz, CHCl!=CH), 6.29 

(d, IH, JI 2.- 3.4Hz, H-l), 6.64, 6.72 (app. d, A of ABXY, IH, 
J 

J AB .. 15.8Hz, JAX ( 1Hz, CH-CHPh) and 7.3 - 7.5 (m, 5H, Ph) pprn; 

m.s. (El, 70eV, 74°C) mie: 521 (0.1), 516 (4, M+' - 28), 456 (5, 

+. 
M - 28 - 60), 143 (26), 115 (30) and 43 (100); Anal. calcd. 

for C2SH2SNq010: C 55.15, Ii 5.18, N 10.20i found: C 54.91, 

H 5.24, N 10.11. 

Aldehyde 18? 

The major B-lactam (+)-180 (2.2 g, 4.0 mmol) in 50 ml of -
dry CH2Cl2 was coo1ed to -70°C under nitrogen, and treated with 

ozone (""36:t4mmol/hr~) until the solution turned b1ue (15 min.~. 

Nitrogen was bttbbled through the reaction mixture for 5 minutes 

to remove aXCSS8 ozone, dimethyl sulfide (1.5 ml, 20 mmol) was 

added and the solution al10wed te warm ta room tamperature. \ 



165 

After stirrinq for 24 hours, the mixture was diluted with 1:1 

ether/hexanes, washed with brine, sato NaHC03 (twice) to remove 

'the benzoic acid (see p. 97 ), and once more with brine, then 

dried and evaporated to yie1d 2.0 9 of off-white solide 

Chromatography (60% EtOAc/hexanes) yie1ded a white amor-

phous solid which was dried over P20S in vacuo for 18 hours to 

give 1.65 9 (89%) of a1dehyde l!!. A small amount of the dried 

a1dehyde was recrystal1ized from CHCl3/ether (anh.): m.p. 140° 

-143°C (dac.); [al o
23 +211°, (c 2, CHe13); i.r. (KBr) "'max: 2105 

(azide), 1775 (a-lactam), 1770, 1735 (acetates) and 1720 (sh, 

aldehyde) cm-li lB.m.r. (CDC1 3 ) ô: 2.04,2.08 (8 + be, 12H, 

4x DAc), 3.7 - 4.53 [m, 5H, including 4.45 (d)( d, J3' 4' = 5.5, , 
Hz, JI+' S' SIl: 3.5Hz, H-4'), H-2, H-5, H-6, H-4'], 4.84 (d, IH, , 

J3'~' = 5.5Hz, B-3'), 5.01, 5.16, 5.22, S.26, 5.32, 5.37,5.53 
~ 

(m, 2H, H-3 and H ... 4)·, 6.18 (d, IH, JI 2= 3,.58z, H-l) and 9.46 
J 

(d, lH, J4' Si = 3.5Hz, CHO) ppm; m.s. (El, 70eV, 103°C), mie: , 
. +. 

46 3 ( 0 • 3), 4 4 8 ( 0 . 6), 4 4 2 ( 0 . 3, M - 28), 291 ( 34 ) and 194 

(100); Anal. ca1cd. for C18H22N'+01l: C 45.96, H 4.71, N 11.91; 

found: C 45.69, H 4.75, N Il.91. 

Primary Alcohol l!! and aemi-acetal-acetate 19193~168 

In a flame-dried 3 neck flask fitte~ with septa and· a drop­

pinq tunnel, NaSH4-Alox93 (4.0 g) and anhydrous MgSO,+168 (2 g) 

were suspended in,4 ml of dry ~12 and cooled under nitrogen 
J 

in an ice-salt bath (-15°C). Aldehyde!!! (0.94 g, 2.0 mmol), 
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l 
which had been ref1uxed 1 hour in CH 2C1 z using a modified Oean-

Stark apparatus filled with 3A molecu1ar sieves, was transferred 

in 5 ~l of CH2C12 via syringe to the dropping funne1, rinsing 

with another 2 ml of CH 2C1 2• This solution was added dropwise 
~ 
to the co1d suspension over 20 minutes, and stirred a further 

20 minutes at -15°C. 

T.l.c. (60% EtOAc/hexanes) ind!cated that Aldehyde l!l was 

reacting to give a more polar product, which was ;n turn, being 

transformed into a compound, just slight1y less polar than the 

startinq materia1. Filtration of the reaction mixture throuqh .. 
ce1ite, and evaporation of the solvent yielded 0.82 q of pale 

yellQw solide Chromatography with 60% EtOAc/hexanes (1000 ml) 

followed by 70% EtOAc/hexanes (1000 ml) separat-ed this solid 

into 0.~5 q (48%) of the more polar, primary alcohol l!!, and 

0.3 q (32%) of a compound whose spectral characteristics indi-

cated it
l 
to be the product of transesterification, hemi-acetal-

Acetate m. 
, Primary alcohol 18S'was purified by precipitation from 

EtOAc/hexanes, and then from CH 2C12/ether (anh.) to give a 

white granular solid: m.p. 166° - l7loC (dec.) ~ [0]023 +201° 

(c 2, CHC1 3): i.r. (KBr) vmax : 3470 (hydroxy1), 2110 (azide), 

1770 - 1735 (S-lactam and Acetates) and Ij85, 1370 (COCU 3 ) cm-l ; 

and (CHCl!) vmax = 2120 (azide), 1775 (B-lactam), 1760 - 1750 

(acetates) and 1380 (COCB 3) cm-l ; lU.m.r. (CDel!) 6: 2.04 

2.07, 2.11 (ba and 28, 12H, 4)( OAc), 2.41 (bs, 1H, ex-

1 

1 
f 
-' 
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.. 
changeable, OH), 3.7 - 4.5 (m, 7H, H-2, a-s, a-6, H-4', a-s'), 

4.61 (d, IH, J3' 4' =- 5Hz, H"3'), 5.04 (bt, 1H', J .. 9.5Hz, H-4), 
1 

5. 78 (d )( d, lH , J :;IJ 9H z and llB z, H - 3 ) and 6. 25 ( d , 1H, J 1 2.. 
1 

4Hz, H-1) ppm; m.s'. (EI, 70eV, 135°C) mie: 415 (0.6), 293 (9), 

194 (100) and 152 (42) i Anal. ca1cd. for C1SH24N .. Oll: C 45.76, 

H 5.12, N 11.86: found: C 45.59, H S.lO( N 11.69. 

The hemi-aceta1-acetate 191 was purified by recrystalli­

zation from EtOAc/hexanes twice to give a white powder: 

m.p. 133.5° - 134.5°Ci [0.)0 23 +94 0 (c 2.5, CRCl3); i.r. (KBr) 

v 3380 (hydroxyl), 2120 (azide), 1780 - 1730 (a-lactam and max 
acetates}, 1710 (acetate) and 1380 (COCH 3 ) cm-l, and (CHel3} 

vmax : 2120 (azide), 1770 (S-lactam), 1750 (acetates) and 1380 

(COCH3) cm- 1 : 200MHz la.m.r. (CDC1 3) ô: 2.04, 2.05, 2.10, 

2.13 (4s, 128, 4x OAo) , 4.1 - 4.6 (m, 7H, H-2, H-S, H-6, H-4', 

a-s'), 4.62 (à, lH, J3' !t' :;IJ 5.3az, B-3'), 5.12 (bt, lB, J III 8Hz, 
~ 

H-4), 5.26 (ba, lH, a-lI and 5.45 (d x d, 1H, J - 9Hz and 11Hz, 

H-3) ppm~ m.s. (El, 15eV, 48°C) m/e:1446 (8), 444 (2; M+' -

28), 211 (l0), 180 (20), 113 (43) and 86 (100): Anal. ca1cd. 

for C18H2I+N4011: C 45.76, Il 5.12, N 11.861 found: C 45.55, 

a 5.26, N 12.06. (For preparation of 191 from l!! see p. 169 .) 

Penta-acetate 1!! ~ 

Hemi-,acetal-acstate ill (31 mg, 0.067 mmol) disao1v41ld in 

1.4 ml of acetic anhydride/pyridine (2:5) was stirred at 25°C 

for 18 hours 152 • Addition of solid NaHC03' fol1owed by norma~ 

work-up and chromatography (55% EtOAc!hexanes) gave a syrup 

\ 

, 

1 
1 

'f 
• 1 

1 \, 
1 

! 
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which on trituration with ether ga.ve 16 mg (46% yield) of needle 

crystals. Another 44% (15 mg) of l!! as ~ white powder was ob­

taitted by evaporation of the ether: penta-acetate!!!: 

m.p. 158.5 0 
- 159°C; [o.]D23 +175 0 (c O. T, CHCIa); i.r. (CHCl a) 

vmax : 2120 (azide), 1780 <S*lactam}, 1750 Cacetates) and 1370 

(COCH3) am-l; 200MHz la.m.r. (CDC1a) indicated the presence of 

both the a- and the a-anomer, with the a-anomer in exoess (a tO 

B cr 75:25); a-anomer, 6: 2.04, 2.05, 2.09, 2.14, 2.21 (5s, 

15H, sx OAc), .91 - 4.4 [m, 7H, including 3.95 Cd x d, JI,2. 

H-2, H-5, H-6, H"'4', a-S'], 4.66 (d, 

lH, J3',,4' =- 5.3Hz, H-3 , 5.07 (app. t,' IH, J ,. 9.7Hz, H-4), 

5.78 (d x d, IH, J2,;3 ,. 11Hz, J3 .. 4 ::a 9.2Hz, H-3) and 6.26 (d, lH, 

Jl 2= 3.4Hz, a-1) ppm; the quantity of e-anomer present was in-
" 

ferred from the combined integration of the above plus the fol-

lowing; 5: 2.16, 2.18' (25, 2)( OAc), 

5.40 (bt, J - 10Hz, H-3) and 5.82 (d, 

(El , 70eV, 10,8 OC) m/.e: 447 (0.1), 335 

Mesylate 18S94 

4.71 (d,' J = 5Hz, H-3'), 

JS9~ m.s. 

( l), 19 4 ( 1 ) and B 6 ( 100) • 

Hethanelu1fonyl c::hlor:ic3..' (0.06 rU, 0.08 g, 0 •. 7 rnmol) was 

added to a cooled ( .. 15°C) solution o.f primary alcohol ill (0.33 

. g, 0.70mmol) in 3 ml of dry CH2C121 then NEt3 (0.14 ml, 0.10 g, 

1. 0 mmol) was added dropw:ise ove%' 5 minutel. 'l'he mixture was 

stirred at -15°C for a total of 45 minutel, poured into ice .. . 
a ' 1 

water and separated. 'l'heJaquaou8 layer was ext~acted twice with 

cH:zClz an'Ci the comb!nad orqan~,pha •• 8 washed with cold 10% HCl 

~~-----~~-------~'- ------~--
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, , 

(twice), sato N~COa and brine. Oryin,g and solvent evappration 

gave 0.3a 9 '(99% crude), of off-white waxy solide Cltromatoqraphy 
'~ 

with 25% EtOAc/CH 2C1 2 (400 ~l) then 30% Et~Ac/CH2C12 (200 ml) , . ~ 

, 
yielded 0.34 9 (90%) of ~ as a w~ite'~axy àolid which was 

then 'crysta11.ized f'rom spectrograde EtOAc to ogive fine needles: 

rn.p. 179 0 
- 180.SoC (dac.) i [<1]0 23 +163°, (c 2, ~!Wl3); 

i. r. (KBr) 'Vmax : 2120 (azida), 1765 (ah, S-laetam), 17'40 (a-ce­

tates) 1 1365 (COCH3) and 1175 (sulfonate) cm-I in and (CaCIa) 

\/max: 2120 (azide), 17 BO (B-1actam), 1750 (acetates), 1370 

(COCHa) and 1180 (sulfonate) cm-li ~OOMHz IB.m.r. (CDel a) 15 : 

2.05, 2.07, 2.09 r 2.21 (48, 12H, 4x OAo) , 3.13 (s, 3H, OS02 CB a) 1 

3.93 (d x d, lH, JI 2" J 
3. 4Hz, J2J 3 - 11Hz" H-~) , 4.0- 4.4 (m, 6H, 

H-S, H-6, H-4 1, H-5'), (d, 
., 

4.73 IH, Jal .. ' = 5.2Hz, a-3'), 5.07 
J 

(d, 1H, J ~"I+ ,. 

'ppmi m.s. ( 

194 (13), 15 

C 41.46, H 

N 10.20, S 

9.2Hz, a-3) and 6.26 ·(d, 1H, J1J2J-' 3.4Hz, H~l») 

~. ! ,( 
',70ev, 7BOC) mie: 491 (0.1, M .. 59), 371 '" 2);) 

(10) and 43 (100); Anal. ca1cd. for C19 H26N .. ob-s: 

, N 10.18, S 5.82; found: C 41.48,' H 4',76, ", 

Herni-acetal-acetate !l[ (from Primary A1cohol 188) 

Primary a1cohol ill. (0.24 g, 0.50 11IlD01) an~ 4-dimetbylamino-. 

py~idina CDMAP, 0.6 q, 0.5 mmol) were di.solvad in 25 ml of dry 

CH2C12 and atirred at room temperature for ao houri. The reac­

tion mixture waa wa.hed with brin., 4' Hel anà brin., then dri~d 

and evaporated to qive 0.21 q of crude (89'), off-white soli4. 

·1 

a 
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Crystal1ization from EtOAc/hexanes yielded 0.18 9 (16%) ,of a , 

~ite powder identical to the less polar product obtained from 
~ .J) 

the reduction of Aldehyde l8?, the hemi-acetal-aQetate l!l (see 

p. 167 ,) • . 
" 

E7hoxyethyl G1yooside ~178 

A catalytio amount of pyridinium tosylate (21 mg) was' 

add~d to a mixture of herni-acetal-aoetate ill (0 •. 40 q, 0.84 

nunol) ~nd 0.5' ml of diatilled ethyl vinyl ether (0.38 q" 5.2 

mmol) "in 5 ml of dry CH 2Cl z ., ,the mixture was allowed to stand 

~t réom tempèrature for 4 days. Even thouqh t.l.c. (50% EtOAc/ 

hexanes) still ~howed the presence of some starting~material, 
, 1 

the mixture was poured into cold sat. NaHco3' separated, ,washed 
~ 

wi th sa t • NaaCO 3' then br ine, dr j,ed (anh. K 2 CO 3) and concen-

trated in vaQUO to give 0.49 9 of,crude yellow oil. Chroma-
, 

,tography (SOt ÊtOAc/hexanes) a110wed the recovery of 60 mg of 

.starting material 191 (15%) as well a. 0.31 q (67.) of.a02 as 
- _0 , 

an oil: i.r. (.fil.ln) "ma~::' ~105 (az14e), 1770 (S-lactam), 1745 

(acetates) and 1365, (COCH3) &'-1; IR.m.r. (COC1 3) ô: 1.0 - 1.4 
. '. 

[m, 6R, inc7udinq 1.19.(t, J. 1.5Hz, OCH2CH3)' OCH{OCH 2CH 3 )CH 3 ] , 

2:03,' 2.~, 2.10, 2.11, 2.~3 (5s of,varying size, f2a, 4x OAo of 

ma;e than one ,~.om.r) and 3.1 '- sZs [m, 14H, inc1ud!ng 3.80 (q, 

J' ... 7.5Hz, OCH2Me) 1- ppm: m ••• '(El, 10.V, 140°C) mIe: 413 (0 .• 1, 
+. . 

M - 89 - 42), 3lS (16), 86 (70) and ~3 J100). 
1 • 
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