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Sheila Muriel Tenneson C

Department of Chemistry
McGill University
Montréal, Canada

ABSTRACT

The total synthesis of thexbioloqicqlly active, ‘dextro-
rotatory enantiomer of 3-methyl-7g-phenylacetamido-a3-0-2-iso-
cephem-4-carboxylic acid was acqomplished. The key step in-
volved the asymmetric cycloaddition of azidoacetyl chloride to
the cinnamylidene Schiff base of protected D-threonine to gen-
erate the deﬁired monocyclic eig B-lactam diastereomer (9:1).

The absoclute configuration of the final product was confirmed by |

comparing its antimicrobial activity with that of the corres-

‘ponding racematel.

fhe influence of a) the B-chiralﬂcenter in the starting.
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 pétential of D~glucosamine
derivatives as chiral templates iﬁlthis reaction was.clearly

illustrated.
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RESUME

La synthése totale de l'énantiomere dextrogyre bioclogique-
ment actif de l'acide ﬁé;pyl-B-phénylacétamido—7B-O-isocéphéme-

2-carbox§lique-4 fut réalisée. L'étape principale consiste en’

- la cycloaddition asymétrique du chlorure d'azidoacétyle sur la’

base de Schiff dérivég"de.le'cinnamaldéhyde et de la D-thréonine ‘
protégée, ce qui engendra le diastéréoisomére désiré (9:1) d'une
g-lactame monocyclique e¢is. La configuration absolue du produit
figal‘fut confirmée par comparaison de son activité antimicro-
bienne a&ec celle du mélange racémique correspondant.

L'influence a) du centre asymétrigue en beta de 1l'acide
a-aming de départ, b) de l'encombrement stérique généré par le

groupement protecteur de l'acide carboxylique ainsi que c¢) de

3l'encomb$¢ment stérique général A travers 1l'imine, sur la stéréo-

chimie de la cycloaddition, fut étudiée. L'absence de fgcémisa—

tion pendant la réaction de cycloagdition fut démontrée par

1'utilisation de produits de départ deutérés. Le potentiel. évi-
dent des dérivés de la D-glucosamine en tant que générateurs

~

d'asymétrie dans ce type de réaction fut clairement illustré.
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\ GLOSSARY OF ABBREVIATIONS,
acetyl - DMAP 4-dimethylaminopyridine
alanin DMPF ’N,N-dimethylformamid%1
analyéii\ DMSO dimethylsulfoxide
anhydrpﬁs\ EEDQ N-ethoxycarbonyl-2-ethoxy-
- \ ’ .. 1,2-dihydroquinoline
apparent " \ ’
\ N EI electron impact .
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N Et ethyl
aryl \
N expl. experimental
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. ' ' F.T. Fourier transform
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g  gram(s)
tert-butyloxycarbonyl .,
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HPLC high pressure liquid
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-,
tatalyst . Hz Hertz
~benzyloxycarbonyl i iso ! "
chemical ionization/ 1i.r. infrared
isobutane

m multiplet
centimeter (s)

N max maximum

Me methyl

mg millig¥am(s)

MHz megaHertz
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INTRODUCTION

o

Those antibiotics which are identified by a g-lactam
(2-azetidinone) ring are probably the least toxic of all the
antibacterial agents?*3. For this reason, these structures

have at r(acted the interest of organic and medicinal chemists

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

'e naturally occurring ring system could be enhanced by cer-
tain structural alterations, a great number of analogues were,
and still are being prepared and examined for biological effec-
tiveness. Some of this effort has taken pELac:e within this
chemistry department over the past several years 5-8,

When the only known members of this family of antibiotics

were the penicillins (I and 2) and cephalosporins (3), the

- ~
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'mq.in challenge wasg to magce them évailabﬂle to the gqneralf pub-
lic. Since these cc_:mp'lex molecules are difficult to synthesize
econgmically, it was the fermentation chemists an::l the micro-
biologists whe first achieved this go;l. They succeeded ex-
tremely well®. 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, ¢). With a price

HNG R\",N\: :
1
\ m RCOX ) /_"r p
4 i o’ ! ~
) COOH : CooM
NHfm,,
4 6-APA o
S Ampicillin Re Y
COOH
6 Ticarcillin rs~" N
‘ =
Fig. I :

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

inexpensive starting material for more active, semi-synthetic

penicillins such as Ampicillin (§) and Ticarcillin (g).
Separation of Cephalosporin C (3) from its ferme\ntation .

|

i
'

*Prices quoted are for bulk sales to industry.
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.. - ¢ medium is difficult!l, _ The corrasponding N~deacylatad 7-amiﬁ'o-;‘

e cephalosporanic acid (7-ACA, ?):, therefore costs al_Sdut twice as
1 much as 6-APA to prpdu"ca. Nevorthlclesa,l 7-ACA Fis' still the
R
¢ ° reox “
>

i e
i
* 7 1-Aca ', & (Cefotaxime
: Nue -
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| 9 Cefazolin
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best starting material for a cnphalolpo"rin cantaining a C-3

'

substituted methylene, as in Cefotaxime (8)!! which retains the

acetoxy group of “the natural Cephalosporin C (§), or as in

o -
- - & A
\

(,) “ . . a | ) o — ’ v .
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Cefazolin (9)'2 in which the acetoxy.group has been replaced by
nucleophilic attack., Orally active deacetoxy-cephalosporins,
such’as Cephalexin ( _g_g_)lf" , ¢an be produced from Penicillin G

(1) or V (2) by Morin rearrangeme::ﬁ“ of the penicillin sul-

4

|
[

I 2 CH,Ph ' : ;
10 - Ri=cH, 11 12 Ceghalex:.ﬂ

— or CH,OPh! . =

Fig. I

LY

foxide ester 10. Although this requires six or seven steps 13,
the reactions are easy enough to make these compounds® econom-
ically competit:f.ve with other semi-synthetic cephalosporins.

Penicillins and -cephalosporins eacl; accour};\t for about
thirty per cent 0f<the world market for antimicroéial agents 157
Despite their hi:‘gher cost, cephalosporins hold a favourable |
position because %‘the;y tend to be less allergenic and less
gsensitive to g-lactamases. They have also provided analogues
with greater activity against a broader spectrum ofl gram-

negative bacteria. Cefotaxinie ( g_)' (fig. II) is one ‘example of




the newest generation of cephalosporins. (The same side chain
on the penicillin nucleus results in disappointing activi“tyls_l.)
Isolation of tfh?ﬁatqral cephamycins, for example 13, in
the early 1970's!’ showed that the resistance of: cephalosporins
to B-lactamases ‘could be increased subsgantially by the pi'e-

gsence of a T7e-methoxy group. Furthermore, the results from

14 1l-Oxacephem

13 Cephamycin C

IS

synthetic programs at several pharmaceutical "qompanies have
shown that replacement of the group at the C-3 position\g;n"
metl'uz:m\yw«19 , chlorinel? or hydrogenl6220 ; and/or the sulfur
by oxygen2l-2% (givifig l-oxacephem 14) can lead to more active
compounds. Introduction of several of these features into .one 7
moleéule, howvever, requires considerable effort.

The first l-bxacephem to be chosen fof clinical trials
was Moxalactam (18)%5 - (fic_zl. IV). The-starting material for
the synthesis of this ;iompOund is the inexpensive Penicillin
G (1), but in order to introduce the cies 7a-methoxy (relative to

the C-6 proton), a trans secopenicillin 16 must be prepared from

o b ramamtpen

1 -
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~ the epipenicillin ester 15. Once the correct stereocheinistry

has‘j:een_ established (17), twelve additional steps?® (bring_ing

o h H H ‘
PN, ‘
RERal
coort
18

10 15

~h+

coo"
T

T - 12 stops *
Na y ‘
18 Moxalactam SRR 17
Fig. IV

the total to eighteen) are required to prepare Moxalactam (18).%*

Such long syntheses must be very efficient , and the final pro-

ducts highly efficacious in order to comp;te in the marketplace.
When a large number w reactions are necessary'( to produce

a given set of alterations in a natural antibiotic, it becomes

4

*X Better synthesis (v20% from Pen G) required-only It—steps '*‘.

w»
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worthwhile to consider total synthesis as an alternative ap-
proach. For this<§o be a viable alternative, an efficient
method of forming only the bioactive enantiomer must be devised.
For the classical ‘antibiotics, this enantiomer is a ois B-lactam

* ¥

E -

' N

¥

-~

with the 7(6)-R, 6(5)-R* configuration (1%).
The structures of recently isolated, highly active, anti-
biotics, such as Thienamycin (32)27 and Isosulfazecin (g;)2°,

demonstrate that biological activity does not always depend on .

»

fgi%,ﬂ OMe
d: N‘so,u

1)

Iz

20 Thienamycin 21 1Isosulfazecin

I

Q
/

{/.

- Lo

*The number in parentheses refers to the penic¢illin nucleus when
5\

-

both cephalosporins and penicillins are mentioned.
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the l-thio-bicyclic eis g~lactam system with an‘amincacyl chain

(18) , as had originally been thought. The absence of somé of

these features in 20 and 21 is compensated by other structural
parameters, such as a carbapeﬁem (20) or a 1-N-sulfonic acid
(31).\ There are, nevertheless, some features which still ap-
pear to be basic. All the active bid¢yclic systems found so far,
have R steﬂ%ochemistry* at the ring junction; and all the active

B-lactams -containing an aminoacyl side chain have the same spa-

tial arrangement* (monocyclic = §i bicyclic = R) at the N-sub-

!

(f> - stituted carbon. Any stereospecific synthesis must take these

stereochémical factors into account.

I Chiral Precursors

In most stereospecific syntheses of g~lactam antibi-

IS

otigs, 2} 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
A

BN : -
t

&

*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 example, the same spatial arrangement of ;

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

designated S and not R.

¢
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%
of Cephalosporin C (3), Woodward??’ obtained tl\g/r,equir'ed eis

g-lactam 24 by cyclizing the chiral B-—amipo eéster 23, "prepared

. »
Ll e

r

.

s ]
H,N\"”:‘ ,SHD' y steps . "]LQ)\“H)"S‘

-——,-—-—-—’
coo” MeOGC NH,
22 ;._—cxste‘ne' | 23
’ Al(-8u), .

’ )\N s
§ steps _+° !'”"
Apcsunnmman—
! NM
!
3 Cephalosporin C .k 24

Fig. vV

A
AN

'
!

in nine steps from L-cysteine (22) . Similar cyclizations using
Grignard3%,3l and phospahorua":” rea;gents ha;re also led to
chiral 8—1act@s with no troublesome epimerizations 3% during the
process. |

A somewhat different chiral precursor (27) (fig. VI)

I'd

E
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N

Q)

10

prepared from L-cys
short synthesis o

rect cis . g-lactam

HS ) PHCO,M (22%) |© WX NaH H
> '—-'.\'-.'_S-’_)
, Oi_/ 2 nar (12%) o‘z_(ﬂ quant : \Uk
. . 0 : "

X* OCOPN -28
Xs Cl

"displacement of the chloride in 27 by an amide anion. This

approach was later exploited by Koppel et a1®® in the synthesis

of Nocardicin A (84, p. 20 ). o .
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In their recent stereospecific synthesis of Thienamycin
(g_é) 37, Christensen and his coworkers a;: the Merck, Sharpe and
' Dohme Laboratories, used the g-lactam itself as the chiral )
template. Grignard cycli,zation” of the diester of L~aspartic

acid gave the basic g-lactam 37 with a chiral center at c-4.

\

!_:!{ 0 1) BnOHM"
HOOC - NH,* z) Me,SiCY/

¢-BuMgCl

30 L-Aspartic acid

OH N H' :
Hol B W /r He,
s 13
B afr——
: “steps
QOM

YR:S 284:14
20 Thienamycin 34 ’ 33
Fig. VII

After several transformations designed to obtain-32 (which is
stable to base), the second chiral center was introduced b&

reacting the lithium enclate of the latter with acetyl imid-




e et e b

‘\ . - 12 (
azole. Reduétion of 33 with the sterically hindered K~-Selec-
\ . L '

tride yielded ﬁainly theaR-hydroxyethyl diastereomer 34 con-

taining the reqﬁisite stereochemistry for transformation to

b

Thienamycin (gg).v e ?
. AR v N
o . . . \

\ ! N . - N
- . g

N\ s

Asymmetric Induction . \\\

s

e U

X

The preparation of’chirég precursors can be a lengthy pro-

cess (Woodward, p. 9, and Chfistensen, p. 11 ), and/or an in-
efficient one (Baldwin, p. 10 ). More practical syntheses\have
been devised 38:3? put these usually led to racemic mixtures
which required résdlution, thud‘reducing the efficiency of the
synthesis by QQ least fifty per cent. If the correctly substi-
tuted 2-azetidinone could be produced in one highLy stereo-
ecific and high yield step, a major hurdle in the Q&nthesis&

of \8~lactam antibiotics would be overcome. Ideélly\this reac-

tion\should also have the poténtial for general aéb&iéation to
a wide\variety of substrates. Only a few examples of Qh etric
induction during g-lactam format;on have appeared in the\\‘ter—
ature, all of them over éhe last ten years. Some of these
reactions have been achieved with high stereospecificity, but
as yet .none of em'have met all of the above criteria.‘ \\
. BeXiecki and\his coworkers have reported two highly stereo-\\\\\
specifié syntheses of g-lactamg. 1In their first approach“?, the

R

B
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. \ ‘ \ .
symmetrical, chiral carbodiimide 36 (fig. VIII) was added to

.

1

a bulky, unsymmetrical ketene 3§ to give 4-imino-2-azetidinone
37 possessing a chiral center at C-3 with the R configuration
exclusively®!. Aany decrease in the bulk of either one of the
starting materials decreased the stere;)specificity of the '
reaction. .

Their second approach“? involved treatment of the chiral

a-chloro-iminium chloride 38 (fig. IX-A) with imine 39 to ob-

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

f~lactams 40. The absczlute coin-figuratioq of the major enan-
L4

tiomer was not reported. The authors also examined the pos-
sibility of extending this reaction to g-lactams with two
chiral centers by using an unsymmetrical iminjum chlofide 41
and a chi;.'al imine ¢2 (fig. IX-B). However, this resulted in
all four diastereomeric B-lactams 43 with little stereo-

&
selectivity.

Several Japanese groups have' found g-~lactams useful as

intermediates in the preparation of chiral amino acids. Among

them was the first group to report asymmetric induction during

*

2-azetidinone formation. Okawara and Ha_rada“3, were interested

*3 induction = major stereoisomer - minor/total x 100.

Equivalent to % o.p.** when only two diastereomers are formed.

**% optical purity = [ulD nixture/ [u]D pure enantiomer x 100.

v
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in the synthesis of optically acﬁive aspartic acid (30). A pro-

duct in which the S enantiomer predominated, was prepared in 54

to 96% yield by cyclization of the chiral N-acylaminoaceto-'

nitrile ¢4 with sodium hydride, acid hydrolysis of the crude

Cl . rCN :
1_ H
N [}
o I~
Ar

IS IR

(R)-l-arylethyl group on the amine.

~

H

! CN
N‘H ] 1) H*
o] \.VM 2) H,
. Ar
rn /
{
45
==
Ar = 1=naphthyl
Ar = Ph )
Fig. X

4

-

H coo
/ ( +
HOOC NH,

30 L-Aspartic Acid

‘intermediate g-lactam 45 and finally, hydrogenolysis of the

The optical purity (see

foétnote, p. 1l4) of the'grcduct depended on the size of the

aryl group in 4¢4.

The l-naphthyl gréup led to—higher asym- _

metric induction (54 to 67%) than did the phenyl group (41 to

49%).

Equilibration studies demonstrated that the asymmetric

induction was occurring during 8-lactam formation. No example °

W
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X 16

3
2

of a 3,4-disubstituted g-lactam was inclu::led.
Furukgwa and his colleagues"“* were interested in novel
g-amino ac':\ids;such as ¢4, which they obtained by the method of

Okawara and Harada from the chiral 2-azetidinones gz: In order

v

R H
R 2n8r Ph Ph . RR Hpn
j: n 3 . B-Te 7 DT MR -
i —_— | Hy ——
o £t \VM. 0/ N\kMC 2) H, HOOC NH,
Ph Ph N
| , QF
6a Rz Me 42. 47a R=Me 48a - R= Me' 3%
b R=H h b R=H b R=H 2%
Fig. XI
. ;o

to prcgauce the a,a-dimethyl-~g-amino acid 48q, however, the
g-lactam intermediate ¢7a was prepared in another manner, by
the reaction of chiral imine ¢2 with a Reformatsky reagent (4g)-
This treatment resulted in an‘optically active product; , but -
with only 36% asymmetric induction.

In 1980, Ojim§ and Inaba“*S reported very high stereo-
specificity (90 to 98%) in the synthesis of g-lactams from a
variety of Schiff bases of valine methyl ester (¢49a to d)

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

.
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bne. o
49 50 51 52
' 173- 81%,
R R Zinduction
a Et iPr 1
b "abr P " 90 ' M\r'? R'
- 'Q_Q wBu o-Pr 90 ‘ ‘ H
S eBu P " ” oﬂ-"‘r '
M
e Et Bn . 58 .
L o OMe
53
F'g. XIT .

chloride at -78°C, the kinetg.cally favoured E-tilt nium chelate

'_543_ was formed. (Above -20°C, Z~50 also appeareJi.) Treatment

with dimethylketene methyl. tiimethylsilyl‘acetaﬁ. §1 then gave

the tridentate enolate intérmediate 52 in which attack of the .

b

imin \\ccurred from the less hindefed side. T'e resultinc
| g

4 (99:1 when

B-lactam 53 had mainly the K configuration at %
R! = g-Bu). This stereospecificity was sensitive to the bulk

of the aldimine“ﬁ; and to the bulk around the é carbon in the
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_ breiter, Newcomb and coworkers“’. In contrast, however, the
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[
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starting amino ester"S which must be disubstituted for the

induction of high asymmetry . (phenylalanine derivative 49e¢ \

gave only 58% induction). ) . b
A similar ‘apprcach which resulted in B-lactams with two

chiral centers was reported at about the same time by Berg-

observed asymmetry appeared to be thermodynamically, rather

than kiyﬁgfzically controlled. Trans B-lactams $8 and §9 could

54 (x=u) 85 ] . 57 A
ln-u%
R! R? Induction 'ty R' H ' /
.- - t H Ph R Ph
a Me Ph 0 - : )
b ox* pn 14 :j::(w + . f/
¢ H NHCOPH 4 ’
4 -
- * 88 59
(x = H) ¢
A, . Fig' XIII
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be prepared by the reaction of an unsymmetrical lithium eno-

~

wlate ester with an N-aryl—-arylaldimine. When the alcohol
°‘m.oiety of the starting ester was chiral as in 54, 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
the reaction was reversible, giving the more reactive enolates
‘ 56 and éz less chance to equilibrate to the more stable
stéreoisomer.

'Several limitations to this reaction were mentioned. Only
N-aryl-arylaldimines such‘aslgg could be used, possibly because
of the need for an electrophilic, unhindered imine.. N¥Alky1-
imines were apparently deprotonaéea to give azaallyl anions.

" Also mono- or unsubstituted lithium enolates reacted poorly or
r | not at all.
The first synthesis of a S8-lactam antibiotic by asymmetric
induction was desq;ibed in 1978 by Kamifa and his colleagues at
Fujisawa Pharmaceuticals“®. Nocardicin A (64), one of the new
class of monobactams, was synthesized using a variation of the
popular imine — acyl chloride'? cycloaddition reaction (fig.
XIV). Fortunately, the R stereochemistry of the arylglycine re-
sidue in 0 (and g1) led to aV3:1 excess of the desired g-lactam
~ 83 with S configuration at C-3. By substituting the larger
l-naphthyllgroup for the proiected p-hjdroxyphenyl, they were
, . ;

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

A Rtk S AR o ARt e S
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Some of these methods give products with high optical pu-
rity in good yield, but few of them can’ be genaralized to struc-
tures which could lead to a bicyclic B-lactam antibiotic.’ The

two most prdmising approaches seemed to be the imine - ketene

¥
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acetal method of Ojimg and Inaba (p. 16 ), and the imine - acyl
chloride method used by Kamiya eét al (p. 19 ). 1In both cases,
only one asymmetric center on the g-lactam was generated.
Factors leading tc the stereoselective formation of two centers

o

were not investigated. Z

The 0-2-Isocephem Story —~

Between 1977 and 1980, Doyle, Belleau and their. coworkers
at Bristol Laboratories of Canada published a series of effi-
\

cient and stereoselactive syntheses of cephalosporin nuclear

analogues 6539-5% | Their strategy was first to prepare the

<

LENEEN ‘
\H’ X ® CH,, CHCI, CHMe,, CO o
L Y = 0, §, 80, $0,, NCO,ft,

H NMe, CH,, CO, CHOR, CHBr

.

monocyclic f-lactam, and then to elaborate the second rihq. * By
modifying the imine — azidoacetyl chloride method of Bose5$
(£ig. XV-A), Doyle ¢t al were able to obtain only cis 8-lactams

69 (fig. XV-B) instead of cis/trans mixtures (§7). Their modi-
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A Bosw;
( Ph ) o
N+ \L = ";IK" |
. _ﬂ—-—-——-—-’ R
h Ph /
£6 55 87 31 cis/tréns
B Doyle:
Ph
N
* l' + N R' !
CooR?
. € (t)-68
rlg. xv :

k)

fication was in the structure of the imine 68, prepared from an

.

e "

The most interesting of theuanalogueé proved to be the

a-amino ester and an a,B8-unsaturated aldehyde, preferably trans

+

cinnamaldehfde.

0-2-isocephems (857 X = CH,, Y = 0}, whose ;ffectiveness‘igainst
certain pathogenic bacteria’" caompared favourably with cephalo-
sporins currently in use. RAs with a1l g-lactam antibioticp:

f Y et

biological- activity was associated with only one stersochemical
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configuration. For the ovz-isoéephems, this prov;d to be rhe
eid dextrorotatory enantiomer>?. Preiiminary axperimeﬁts at -
qBri;tol Laboratories had indicated that a levorotatory 0-2-iso-
cephem could be obtained from the amino acid‘L-threonineSB. It
was our objective to study this phenomenon in greater detail.
This work will, therefore, describe the following:

a) the use of an imine derived from D-threonine as a chiral tem-
plate durlng 8-lactam formation for the successful total syn-
thesis of the biocactive enantiomer of 3~-methyl-~78~phenylacet-

*

amido=A3-0-2-isocephem-4-carboxylic acid (70) (chapter ni;

b) ,a study of -some of the steredchemical requirements for asym-
metric inductibn, for example, the influence of the 8-chiral
center 'in the starting amino acid and the importance-.of bulk
in the carboxylic acid protoctlng group; as well as' the use

2 \ of deuterated precursors to demonstrate the absence of any
P detectable level of racemization at the a-carbon during the

cggloaddition reaction (chapter 2);

s
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¢) the finding that amino‘sug;rs, in particular D-glucosamine

derivatives, offer great pmbehtial as chiral templates, with

the added advantage of producing crys

\\\\jn high yield (chapter 3).

P

talline intermediates
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CHAPTER 1 o :

N

Siﬁce biclogically active 0-2-isocephems are dextrorota-

R

tory and since ah 0-2-isocephem with a net negatiye'optiéal

rotation could be obtained from (-)-L-threonine“® by ' the stereo-
» selective cycloaddition o@ Doyle et al3?, the obviousvchoice

of starting material for oﬁy studies was (+)~D-threonine

(D-Thr, ?1). Fortunately, ;his amino acid is ope of the few

. * 71 D-Threonine -

D-amino acids which are readily available®.
Our first priority was to déthrminekwﬁether asymmetric

induction was occurring during formation of the g~lactam ring,

«

and if so, to what extent. Thus it was desirable to choose

N

protecting groups for (+)-D-threonine wﬁicﬁ would survive not

) 2y

-

*Sigma ChemicQIHCQmpany, St. Louis, Missouri.
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only the cycloaddition reaction itself, but also the extensive

chromatography which might be necessary to separate an " iden-
tify the diastereomersufprmed. ". y‘

These conskraints eliminated such alcohol pE3E:>£ing
groups as the labile trimethylsilyl ether, and gsibly the
acid*sqnsitive tgtrahydropyranyl ether which would also have
contributed an additional, highly undesirable: chiral carbon.

Should one major stereoisomer be formed, completion of the

synthesis via Doyle's enol 72°! was contemplated. The chosen

H H
Nal |
b e &
o
Q OR 0
72 73 ¢
Fig. XVI

a

(-3 N ¢

alcohol protecting group should then be selectively removable
in ghe presence of the acid protecting group and the eventual
lgaving group at C-5 (mesylate) under con@itions which would
leave the g~lactam rigg i?tact: Protection of the carboxylic
acid as an ester should be compatible with all of these trans-

formations. The benzyl ester was chosen because Doyle et al
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_had- already demonstrated that i¥ could be removed with ease\\
from an ¢-2<isocephem without destructive side reactions5!.

Two approaches to the esterification of (+)~D-threonine
were possible: direct este;ification under acid conditions, or
protection of the aminhe first, followed by esterification and
deprotection of the amineé, Several direct methods for pre-
paring amino acid benzyl estérd were reported in the literature.
" The most recent is by Patel and Price5’ who used thionyl chlo-
ride as a dehydrating agent and a source of mineral acid to
produce the hydrochloride salts directly“q\\good yield from
amino acids containing no other unprotected\fqnctlonal groups.

With (+)-D-threonine (71), however, this method yielded a

maximum of 50% (+)-D-threonine benzyl ester hydrochloride

(D-Thr-0Bn.HCl, 74)* onl} when benzyl alcchol was present in

*A fgldable flow chart is available in Appendix I, which illu-

strates the relevant reactions and compounds of this chapter.

*
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great excess, making large scale reactions impractical.

The treatise of Greenstein and Winitz%® on amino acid
chemistry outlines two older, direct methods for the prepara-
fion of amino acid benzylﬁésters. The first method made use
of polyphosphoric acid and benzyl alcohol to esterify unprc::-d!l
tected .L-cysteine (22, p. 9 ) in unspecified yield3?, We were
unable to obtain greater than 30% vield of ester 74 by this
procedure. The second mgthod (the last direct procedure trigd)'
involved treatment with p-toluenesulfonic acid, and azeétropic
distillation of the water produced®®. F&lsch®! had previously
em;loyed this method for the preparation of 1~serine ;enzyl

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

L-serine (75) without protection of the hydroxyl group. We

 Fig. XVII

found that even with a dehydrating agent in the Dean-Stark

'trap, reflux times of up to five or six days were sometimes

e Ame oy e e p e el
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necessary to obtain D-Thr-OBn hydrochloride (74) in a maximum
yield 5f'62%. A less direct approach, invqlving protéction of
the amino group, then appeared more practical for future prepa-
rations of 74. k ‘

The well-known tert-butyloxycarbonyl (BOC) group®? was
chosen to protect'the amine sinée it could.ge removed easily
by ethereal hydrogen chloride followed by precipitation of the

ester as its hydrochloride salt®3. Several ways to esterify

BOC-Thr 642183 have been reported. All of these use a benzyl

BnoH/H*
1yA
(+)-71 . C(+)-24
BOC-ON 15% | HCI/ B0

CadEr Py
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" D~Thr-OBn hydrochloride (74) agreed well with those reported

halide and a base with long reaction times65-68 and;/or high

boiling solvents such as ¥,N-dimethylformamide (DMF)63+66 , 1p

1978, Ono ét al®9 described a method for synthesizing a wide va- -
riety of esters, including the benzyl ester of N-benzyloxycar-

bonyl-L-threonine (Cbz-D-Thr, ?9). He capitalized ,cu_;j the am,bi;

79 -

“ [l "er..

. , 2 ‘ F

dent (charge delocalization) xﬁ—operties of 1,8~-diazabicyclo-
I

[5,4,0]undec~7-ene (DBU) to“”dﬁtai;i greater solvation of the car-

’

boxylate anion and thus shorter reaction times. This allowed

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

ification of BOC~D-Thr 6%: 183 (77) with benzyl bromide was com-
plete after three hours in refluiing benzene, as opposed to
sixteen hour»s in refluxing ethyl acetate wi‘th triethylamine as
the base., In spite of the three steps that were required, this *,
process gonsistently provided ester (+) -74 in higher overall
yield (“";5%) in a shorter time than did the method of azeotropic

dist{llation. The melting point and optical rotation of

for the L-derivative by Schnabel, Klostermeyer and BerndtS3,

5o ’ .
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The alcohgl protecting group which seﬁﬁn d to meet all of

the conditions described
silyl ether.
since for the protection
ticular, for nucleosides
assumed that 1t ;:ould be

and later removed by one

also expected to be stab

First introduced by Corey’?,

previously, was the [tert-butyldimethyl-

d used extensively

a variety of alcohols’!"’* and in par-

by Ogilvie and his jcoworkers ’5, we

introduced withogut/too much difficulty,

76-79

.of several mild methods It was

le to chromatography®’. Moreover,

‘about the time we began this work, Just and Liak 8! published

the synthesis of monocyc

.
1

lic B-lactam 8] /from the O-tert-butyl-

——

dimethylsilyl ether; of L-serine metthl ester 80 under conditions

very similar to those we

hoped to employ.

Use of the recommended conditions (treatment with tert-

butyldimethylsilyl chloride and imidazole in N-N-dimethylfor-

i
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H\n/n P
Q
0 OBn
(+)-82 (-)-83

—

mamide at room'temperature for eighteen hours’% 77 ) for the

silylation of ester 74, however, résulted in substantial quan-

.

tities of ¥-formyl silyl ether (-)-83 (34 to 64%) as well as

|
\ Osi-
-\t 1
——  C} /N=l< OR _g- R2M .

H u,k\F/K-n 82
N | \COO’"

)
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the dqsirég amino silyl ether (+)-82 (30 to'd44s).
A pos;aible explanation for the occurrence of this s:i:de
reaction could be the formation of a Vhémeiet type’2-84
iminium salt 8¢ (fig. XX) from the reaction of ¥,¥-dimethyl-
formamide with tert-butyldimethylsilyl chloride. An a'malogous
iminium salt 87 was described by Ikawa et al% as arising from

the reaction of ethyl chloroformate with Dm:. These salts are

O OFEt

" \+ ' ‘
‘ /N—(u‘ + C'J\OE! ~¢co, “ /N-<H :

known electrophilic species®’ and so would be susceptible to
attack from the amino group of either the starting material or

the silyl ether §2. Elimination of the siloxy group in 85,

followed by hydrolysis of the resulting iminium salt 8¢ (during

- work-up) would then lead to formamide 83. Since the substitu-

tion of hexamethylphosphoric triamide {HMPT) for DMF gave the
silyl ether (+)-g2 cleanly and in very high yield, the factors
affecting this reaction were not studied any ‘further.

There remained only the cinnamylidene Schiff base 88 to

synthesize before the cycloaddition ,::eaction,could be studied.

e SN R Y
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It was prepared without difficulty by the procedure of Doyle et

\az5° , and was always‘ used immediately without further purifi-

cation.

ra

Since Doyle: et al had established the particular con—‘

ditions for cycloaddition which lead exclusively to eis g-lac-

tams, that is, addition of azidoacetyl chloride to a cold (-15°C)

solution of the a,s-unsaturated Schiff base and triethylamine in
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dichloromethane 3%:5! , we adhered to those conditions with only
minor ‘modifications.

« The oraAge 0il which resulted from this procedure congained
two major comp?nents (as indicated by t.l.c.).. Separation hy
flash chromatography 8¢, allowed the identification of the more
polar constituent ag amide (-)-91 (25 to 30%), and of the other
constituent as a mixture of B-lactams 89 and 90 (60 to 65%).
These yiélds are similar to those reported for cycloadditions
with phe cinnamylidene Schiff bases of.L—serine (Just and Liak8!)
and D-threonine (Bose et al®7) derivati%es.

When isolating the products of an asymmetric synthesis, it
4 is important to ensure that the process of isolation does not
°  change the relative ratios of the diastereomers. Therefore,
mixed fractions from the chromatography column ‘containing any

trace of B-lactaﬁ material were combined with the pure g-lactam

fractions.

5

The first time this. reaction was carried out, other impu-
rities were also identified. These proved to be mainly cinna-
maldehyde and the silyl epher 82 which may arise from cleavage
of Schﬁff base g8, either ;uring the coursebof the reaction
(accounting for amide (-)-91) or during work-up. Longer reac-
tion times and slightly higher temperatures (~10° to 0°C) did
not improve the'yield of B-lactams. Their isoiaéion was sim-

plified by modifying the work-up probedure to hydrolyze any

unreacted Schiff base by treatment w}th aqueous acid and then

.
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g»l
to extract most of the resulting cinnamaldehyde as the bisul-

~

fite adduct.

. Analysis of the mifiure of B-lac%ams by high pressure
liquid chromatography (HPLC) on a micro-silica analytical co-
lumn revealed the{fresencé of ggo ﬁajor components in a ratio
of 88:1ﬁa(major, less polar to Qinor, more polar) (see fig.
XXII, p. 34 ). Enough of each éomponent was geparated fornthe
purposes of identification. Both proved to be 8-lactams, the
major isomer §9 possessing negative optical rotatioﬁ {TG]D23
~-130° (c 3, CHCl;) and -150° (é 2.5, hexane)} and the minor
isomer 90 positive optical rotation {[a],2? +40° (c 2, CHClj)
and +80° (c 1.5, hexane)}. (A minor component of about 1%
which appeared just before the major peak was not identified.)

The‘two main components were distinguishable by their
respective lH.m.r. spectra. The 60MHz spectra were not suf-
ficiently resolved to éupport our assumption that'both were
eig B-lactams but they did provide some useful information.  The
spectrum of the major B-lactam -(-)-8§ was characterized by a
prominent band appearing as an AB quartet (§ = 5.16 ppm) which
was assigned to thé\benzyl est;r methyléne, while that of the
minor g-lactam (+)-90 contained a singlet (§ = 5.07 ppm) for
the same group. Such an AB quartet is typical of a methylene
in an" area of the molecule in which.there is restricted rota-
tion88.* The silylated compounds g£:>gg and 91 (p. 34) and 83
(p. 32 ) also displayed AB quartets, with ratios (vA-vB/J) of

»

*or a consgequence of "intrinsic diastereomerism" which is for-
tuitously cancelled in the minor isomer'®7’,

a
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0.5 iﬁstead of 1.0 as for major g-lactam (~)-89. It is not
surprising that introduction of the bulky éert-buéyldimeéhyl-
silyl grdhp creates some steric hindrance in these D-threonine
derivatives. Apparently, the overall steréoch;mical properties
of the major g~lactam accentuate thoée factors which restrict

rotation about the ester function, while those of the minor

>

isomer eliminate them.

Another indicator of strain in (-)-89 was the upfield shift

of the gilyl qroup signals from their relative positions in all
of the other silylated derivatives. Both silyl methyls absorbed
above internal teiramethylsilane {TMS) (-0.11 and -0.04 ppm)
rather than one on either side, while the tert-butyl signal
shifted to 0.76 ppm fxom 0.85 ppm. Experience would show that
these silyl péaks could be used as markers when examining the
60MHz !H.m.r. 8pectfa of mixtures of s-lﬁctam aiastereomers.
The tert-butyl signal was the most useful in this respect, since
one of the methyl silyl p;aks of Ehe minor isomer was often hid-
den under those of the major. It was thus possible to obtain a
rough estimate of the ratioqgf major to minor diastereomer.

Later, wh;n 200MHz 1H.m.r. spectra became available, it was
possible to distingq}éﬁ every single proton in each of the gepa-
rateg dias;ereomqui The coupling constants for the H-3 and
H-4 protons of (-)~-89 and (+)-90 (5.3 and 5.2Hz, respéctiveiy)
confirmed that both g-lactams were ois isomers?d .

Once we had established that asymmetric induction was

-
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-indeed océﬁrrinq during the cyclofddition, it was necessary to

determine whether (-)-§9, t;.h,“tﬁ‘i' or B~lactam, had the correct
stereochemistry for eventua{ biological actiyity. In drawing
the structures of (-)-89 and (+)‘-'gg (£ig. XXII, p. 34, we
had assumed that the major stereoisomer possessed the correct
configuration, although this had not yet been proven. The
simplest reliable way to establish the absolute configuraticn
was actually to produce a stereochemically pure (0-—2-isocephem
and test it for ax"ntimicrobial :alctivity. To do this relquired

the separation of a rela;:ively large amount of pure (-)-89 from
the mixture of g~lactams. )

Although a waters 500 preparative HPLC was made available
to us at Bristol Laborlatories of Canada, the column was unfor-
tunately not efficient enough to sepa.r‘ate' (=) =89 from (+)-90.
None of the fractions from this col}:mn (checked 4én an analytical
micr;a-sil ca column) were free of the minor isomer (+);g£. A
more efficient, semi«-pz:eparative column was needed. We were
also able to establish that silica gel’ was bej:tér than reverse
phase adsorbents for this separatio;19° .

. A semi-preparative column (150 mm x 10 mm) was, there(?‘,ore,
packed with Spherisorb S-10W (a spherical particle, micro-silica
gel, i 100, 10 um) and the separation ca;'ried out on an Altex
300 preparative liquid chromatograph. Initially, the mobil;
?hase' employed consisted of ethyl acetate/hexanes (7:93) but af-

ter about fifteen injections, the column's resolution began to
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deteriorate. Change of the mobile pﬁ’aée to methanol/ethyl
/

acetate/hexanes (0.1:5:95), éccompazy},ed by pre-equilibration

of the column for about twenty minutes, solved the problem. As

only a few milligrams of pure material could be separated per
injection, several weeks of arduous work were required to col-
lect enough pure f-lactam (~)-89 (three grams) .for a completion"
of the synthesis. | These th;ee precious grams were submitted to

further reactions only after the precise conditions had been

established using the mixture of §% +-90. J
The first attempt to prepare primary alcohel 83 involved

> ]

Ph ,
W A |
L °S|+ O,/7.'C i :
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ozonolysis (at -70°C) of ég + 90 iﬁ'dich;ofomethane, followed
by reduction of the ozonide with dimetﬁ&l\suifide to aldehyde
82. This aldehyde was assumed to be unstable3!>53 and was
imﬁédiat?ly treated with sodium borohydride in tetrahydrofuran
. (THF) at 0°C. Primary alcohol 93 was produced by this method
but so was the afB—unsaturate& ester 94, resulting from elimi-
nation of the tert-butyldimethylsiloxy group. In’an effort to
avoid this side reaction, we elected to reduce the product of
ozonalysis directly to,ihe alCDhOISiJSI7

Chinn%2, in his review of ozonolysis conditions, states
that "solvents which form hydropefoxides....often give better
yields of products after reduc than do inert solvents." 1In
protic solvents, the zwitteripnic¢ intermediate 9§ (fig. XXIV) .

has no chance to rearrange before being protorated. For this

»

. ™
R R R' ' 3 s
o, R row RO R R
r T HO J .
85
F i 9 - xxIv

reason, a small amount of methanol (15%) was added to the

ozonolysis reaction mixture. The ozonide was reduced with

[
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wou
) Oy/NaBH,-Aiox (00%) +
D) weci/nEt, % crde) o H
L Ba
(-)-93 R=H
(-)-89 - " (=)=08, RsMs

82%,

sodium borohydride adsorbed on alunina (NaBH,-Alox) 3 rather
than by sodium borohydride in solution. Under these conditions,
no undesirabﬁ side reactions were encountered.

Treatment of the pure major g-lactam (-)-§9 as above gave
primai'y alcohol (~)~-83 in 90% y;‘i.eld after chromatography. The
60MHz lH.m.r. spectrum still contained an AB quartet (§ = 5.10
ppm) for ﬁhe benzyl est;"r methyl'ef;xe but the silyl absorptions
had shifteq downfield to positions more comparable with the/se/

r
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' 'for the acyclic D-threonine derivatives 82, 86 and 91 (p. 34 ),
indicating that the styryl group was bartially responsible for
the steric strain previously noted for (-)-89. This time the
doublet corresponding to H-3 appeared at 6. = 4,73 ppm with a
coupling constant (J = 5Hz) typical of ¢is B-lactams®? .

Mesylation® of alcohol (—f—gg to give mesylate (—):gg
and subsequent removal of the tert-bdtyldimethylsilyl protecting
| group with 95% trifluorocacetic acid?s produced the first crys-
talline intermediate in this series, secondary alcoholk(-)-iﬂ
(fig. XXV). 1In its !H.m.r. spectrum, the AB quartet, so charac-
teristic of the previous intermediaté&y, was now absent. Removal,
of the bulky silyl group had relieved the rotational restric-
tions about the benzyl ester.

Oxidation of secondary alcohol (-)-gz to the B-keto ester
98, with concomitant tautomerization to enol 72 (fig. XXV),
proved to be rather challenging. The expected enol would likely
lead to closurg of the six-membered ring under basic conditions,
and we wished to avoid this initially. The first method
attempted was oxidation with Jones reagent?6. Its use for the
formation of enolizable ketones from alcoﬁbls, without epi-
merization of the adjacent asymmetric éenter, has begn re-
ported?7-%9% | aAlthough the reaction was fast, and the enol
definitely formed, a conside;able amount of decomposition was
allo observed. Apparently, some hydrolysis of the benzyl ester

was taking place. In fact, when the reaction was carried out

LY
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1

at -10° or 0°C,--€amati'oﬁ of benzoic acid, probably by oxidation
of benzyi alcohol, was a major occurrence.

A variety of other oxidizing ‘agétits was evalgated. Other
chromium reagents (sodium dichromate dihy‘érate/uzsog,”“, tetra-
N-butylammonium chromate!?® and chromium trioxide/ether!?!) gave
no re&ction at all. Neither did Pfitzner-Moffatt oxidation (di-
methylsulfoxide/dicyclohexylcarbodiimide/H;P0O,) 1024103, The
acetic anhydride variation of the Pfitzner-Moffatt method 0% 10%
did produce-some enol (detected by t.l.c.) but the main product
(60%) proved to be the a,B-unsaturated ester 99. Presumably , .
99 arises from acetylation of the secondary alcohol (-)-97
with subsequent elimination of acetic acid. The spectral
data from 99 agreed well with those of 94, the a,B~unsaturated’
ester formed during sodium bo;:ohydride reduction of aldéixyde

92 (p. 39 ). The d}fferences corresponded to those expected

between an alcohol and its mesylate.

¢
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Three other oxidation methods were attempted. Fetizon's
reagent (silver carbonate/celite)!?5 and activated manganese

dioxide !9 both appeared to promote side reactions rather than

(3

! the desired oxidation. Pyridinium chlorochromate (rce)i?7 ,

buffered by sodium acetate, also caused decomposition. When
/ - . e :
used alone, however, PCC did produce encl 72 (identified by "

t.l.c.) but at a very slow rate (about 50% after two dayd) .

wOrhmkp‘after four days gave an unacpqptably low yield of the

eficl even thoﬁgh t.l.c. showed very little of the decomposi tion
products observed in the previous experiments. Considerable Do

amounts of polar material were present, however. Since the .

»

desired enol 72 is known to be unstable 5!, we decided not to |
e . : _ ,

pursue this approach but to concentrate on optimizing the

oxidation under the Jones conditibns®®. ¢ ' %
This oxidation-.was ﬁir&t studied with %_model compound.,

alcohol 100 obtaineéd by the desiiylation of amide '(-)-91 in

95% trifluoroacetic acid® (fig. XXVII, p. 45 ). Decomposition

of the ﬁroduct (enol 101) predominated under the following L

conditions: . , e

a) leaving the reaction mixture at 0°C after adggﬁion of the

4 B
reagent, '
b) warming up to room temperature (25°C), and

¢) using excess reagent. \ N

1 -

When stoichiometric amounts of Jones reagent were used,

the optimum temperature fdr.conversion of alcohol 100 tdjenol

1 -
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101 was about 15°C. For the g-lactam-containing secondary
alcohol (-)-97, the optimum temperature was a little highei

(about 18°C). Even under these conditions, neither oxidation

¢

d reaction could be compleééé without decomposition, although
f ‘ acyclic 101 seemed to withstand long reaction times better
f than g-lactam-containing enol 72. i
' One way around this problem was to stop the reaction be-
. ' fore significant amounts of decomposition’ﬁ%d occurred (approx-

imately 50% oxidaticn) and separate the product from unreacted

alcohol which could then/zg recycled. Our experience with

—
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the dimethylsulfoxide/acetic anhydride oxidation (p. 43 and

128 ).had shown that chromatography was not a feasible method of
separation for enol 72 and alcohol (-)-§7 because enol 72 was
not eluted from the column even with a very polar solvent: We
decided to extract 72 as the enolate salt, followed immediately
by neutral}zation with ice-cold 10% hydrochloric acid.
Extraction with ice-cold solutions of 1% sodium hydroxide

or 10% sodium carbonate caused some undesirable side reactions,
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w?ile«saturated ;odium bicarbonate did not“extraqt any 72
(or 101). An acceptable compromise was foﬁnd by usin§ 4%
sodium carbonate.' This procedure typically allowed the re-
covery of enol 72 in 55% yield and unreacted alcohol (-)-97 .
in 35% yield. Enol 72, obtained in this w;} had spectral
characteristics similar to those réported by Doyle e; alsl
for the same compound.

After this work was completed, Bose, Manhas and their
colleagues®’ reported the Jones oxidation of alcohol 102 to
enol 103 (fig. XXVIII, p. 46 ) in 77% yield "under carefully
‘controlled conditions" (not specifigd). The known resistance
to acid of pinitrobenzyl esters in comparison with benzyl
esters!%® may have contributed to the improved stability of
1&& and 103 during the reaction. When Epé& used an excess of
Jones reagent, the ¥-unsubstituted g-lactam 105 was isolated.
Formétién of this species was attributg§ to over-oxidation of
enol 103 to the a-~hydroxy-ester 104 and subsequent'cleavagei
The analogous N¥-ungubstituted g-~lactam was not isolated from
the reaction of (-)-87 (p. 41 ). HoWever, something more than
ester hydrolysis was obviously occurring, and the observations
of Bose et al offer a reasonable explanation for the increased
decomposition that we observed at room temperature. It would
appear that the resistance of en;lizable ketones to Jones

reagen597 depends on the ease with which the enol is formed.

The cyclization of enol 72 to azido-0-2-isocephem 73 as

-
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described by Doyle et al’! was always carried out as soon as
possible after extraction of the enol. With the }ecycling of

recovered starting material, 73% of (=)-7?3 was obtained from

KN
i i

NEt, (o]
——————
(o] OBn (o] OBn
72 (-)-78
Fig. XXIX

secondary alcohol (-)-97 (p. 42 ) after chromatography. Com-
parison of the physical and spectral characteristics of (-)-73
with those reported by Doile et al5! showed that these molecules
were very similar but not identical. The azido=-0~-2-isocephem
described in the literature was a crystalline r;cemate'whereas

(=)-73 proved to be an oil consisting qﬁ a gingle enantiomer,

(a],23 =22° (c 2, CHClg).

D ) , R
In CDCl;, the !H.m.r. spectrum of (-)-73 showed a‘ complex

pattern for H-la, H-1g, H~6 and H-7 describable as an AMXY
pattern with only the Y absorption (H-6) bégngpunclear. The
pattgrn in C¢Dg was almost first order (its overal} appearance
might be described as an AMNX pattern). The changes in chgg:“

;
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ical shift from CDCl; to CgDg!0?

(Table 1) for ald fogr

49

protons concerned are in the same direction and are of about

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

isocephem 1Q651. The coupling constants are also comparable.

The assignments fgr the proton peaks in (-)-73 are, therefore,

identical to those for (x)=-106.

° (+)-106
* * +
proton 8 (CDC13) 5 (CgDg) 4(23) 4(1208)5!

H-18 3.98 3.39 0.59 0.55
H-la 4.56 3.91 0.65 0.66
H-6 3.7« 2.93: 0.8 0.78
H"'7 5-16 4030 0.86 0.8

%

in ppm. A = §(CDC1l;) - 8(CgDg).

TABLE 'l: 60MHz !H.m.r. aromatic solvent induced shift in (-)-73
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. There now remained only the synthesis of a relevant 0-2-
isocephem carboxylic acid with a suitable amide gide chain for
the correlation of bicactivity and configuration by comparison
with an identical compound in the racemic series. We accomp-

lished this by previously published proceduresS!. Hydrogeno-

- lysis over platinum of the -azido group of (-)-73 yielded 77% of

the corresponding amine 07 with spectral characteristics which

agreed with those reported for the racemateS!.- As for (-)-73

v ’
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the comélex pattern observed in the 60MHz !H.m.r. speé;rum for
H-1, H=-6 and H-7 could be analysed in terms of individual pro-
‘tons (this time in CDCl3) even though the spectrum could not

be precisely clagsified as first order.

Since the phenylaceﬁamido;racemate (BC-L30)5* had earlier

been prepared and tested at Bristol Laboratoxies,_we coupled the

readily available phenylaéeticlacié to amine 10?7 with N-ethoxy-

carbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ)>31:110 to obtain an

‘Boi yield of amide-ester (+)-108, [albzs +154° (c 0.6, CHClj).
Hydréqenolysis (108 Pd/C) of the benzyl ester group®! finally
resulted in 94% of the dextrorotatory O-2-isocephem (+)-70 as a
glassy solid, which was rec:&stalkized to give a white powder,
m.p. 95° - 105°C (dec.), [a] 2} +157° (c 1, acetone).

No spectral data for either the ester 108 or its carbox-
?lic acig 70 have been reported, but the data that Qe obtained

are consistent with those published for thé phknoxyacetil ana-

logues 109 and 1105!, thus confirming the structural assignment.
‘ l‘ .

The melting point of the racemate is much higher (197° - 198°C5%)

than that of the pure-enantiomer (+)-70 (95° —'10§°C).
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Biological Activity and Absolute Configuration

The respective iq\uitqo antimicrobial activities, ex-
pressed as minimum inhibitory concentration (MIC), of (+)-70

and its corresponding racemate (BC-L30°%) ‘against five typical

establish that the absolute configuration of (+)-3-methyl-78-
phenylacetamido~0-2-isocephem~4-carboxylic acid (70} (and of its

precursors) is identical to that of the natural penicillins

and cephalosporins.

.strains of bacteria are listed in Table 2. These results

) MIC(ug/ml)
Micro-organism .
(+1-720  BC-130

Streptocoecus pneumoniae’ J 0.25 © 0.5
Streptbaocc&s pyogeﬁes - 0.5 0.5
Staphylococeus aureus — Smith 0.5 1.0
Escherichia colt 32 . 125 .
Proteus mirabilis ’ 8 16

-

TABLE 2: Antimicrobial activity of (+)-70 versus BC-L30.

LAt A

e b
N
@ '

 esmiat®




ottt et J— —

53

At the -time this work was undertaken, we became aware
¥ > ”

of the results of Just and Liak’ on the cycloadditon of the

L-serine derivative 111 with azidoacetyl chloride by the method

N,CH,COCI
NEt,

v

of Doyle et al3%31 . They reported that the product, cig B8-lac-
tam 112, was racemic. When our own results showad that 76%
asymmetric induction could be obtained from the D-threonine

derived Schiff base 88 (p. 34 ), it seemed logical to attribute

'the difference to the effect of increased steric hindiance_

caused by the B-hethyl group of D-threonine and/or the larger
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u !
A

‘Qrboxyl protecting group of 88 versus 1]1. We thought that

by manipulatinﬁxthe size of the ester functional group, better{
optical yiqlds might be obtained. One of the most widely used
groups for the introduction of sterjc bulk is the tert-butyl
group. Accordingly, we set about the preparation of the re-

quired tert-butyl D-threonate (D-Thr-oaut, 113)* in order to

test our hypothesis. 1
Several methods!!!"!16 for the formation of the tart-

butyl esters of amino acids are known. Two of them have been °*

used to prepare derivatives of tert-butyl D-threcnate. The

first was .described by Callahan 'and Zimmerman in a U.S.A.

*A foldable flow chart is available in Appendix II which il-
lustrates most of the reactions and compounds described in

this chapter.
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Fig. XXXII

9

patent!!l . From the reaction of Cbz~L-Thr (79) with isobu-
tylene and sulfuric acid, they obtained both the tert-butyl
ester 114 and the di-tert-butyl ether-ester 115, the latter
apparently predominating. Longer reaction times!!? might have
yielded only di-tert-butyl ether-ester 115 but our comparative
studies required the 3;e of the tert-butyldimethylsilyl ether
as the p-hydroxyl protecting group.

€ in s1%

Moore and Szelke!l? had obtained BOC~L-Thr-OBu
yield by reacting BOC-L-Thr with N,N'-dicyclohex&l-o-tert-
butylisourea (117) (fig. XXXIII, p. 56 ). Identical yields
were reported for other hydroxy-amino acid derivatives. These
rather low yields can be attributed mainly to the instability
of the tert-butylisoureall® . On the other hand, etherification
should not be a problem with this reaction since aliphatic

alcohols are .essentially unreactive towards isoureas!ls,

Other methods (such as transesterification with tert-butyl

[P
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acetate/HC10, 1311 or reaction of the silver carboxylate with
tert-butyl iodide!lS ), previously applied to different amino
acids, were expected to give troublesome side reactions invol-

ving the unprotected g-hydroxyl group. Furthermore, the pub-

—

lished yields were not encouraging.

In order to carry out the esterification with isourea, it
was necessary to choose an amino protecting group compatible
with the tert-butyl ester. Although selectiva cleavage of the

//\\
/ Lo

Fig. XXXIII )
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. ,
BQC grédﬁ in the presence of a tert-butyl ester has been de-
scribed?1%:120 | the Cbz group was chosen because it can easily
be hydrogenolyzeélu'123 under ¢onditions which should leave the
tert-butyl ester intact. 1In this way, the problem of selec-
tivity would not arise.

%

The desired Cbz-D-Thr-CBu® {(+)-118, [a]D23 +20° (¢ 0.6,
ethanol)} was synthesized in 54% yield after chromatography;
from Cbz-D-Thr (116) 121 ang ¥,¥'-dicyclohexyl-0-tert-butyliso-
urea (117)!?*, prepared in situ from tert-butanol and N,N'-di-
cyclohexylcarbodiimide (DCC) (fig. XXXIII, p. 56 ). The major
impurity from this reaction (15% after chromatography) proved to
be the dimer 119 (see experimental sectionh,é. 137 ). This .
could only have arisen from attack on unreacteﬁﬂQCC by the sec-
ondary alcohol of product 118 (or of starting material 116)

thus yielding an isourea with which a molecule of starting

b

material 116 could react to produce dimer 119. A pure isourea,

prepared separately rather than generated in sitﬁ, might improve

e ey

the yield of tegr¢~butyl ester. Unfortunately, tﬁe only reported
igsolation of an o-tert-bﬁtylisourea (from N,N'-diisopropylcarpb-‘
diimide) occurred after a reaction time of twenty-eight days!25,
After‘this work hadtﬁeen completed, we became aware of the
work of Kinoshita et all!?® who prepared Cbz~L~Thr-OBu® {[a]D26
-20.6° (¢ 1.07, ethanol)} by acqtoacetylation of. the B~hydroxyl
group in:Cbz-L-Thr with diketene, esterification with isobuty-

lene and then deacylation with hydrazine. The spectral and
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physical\ properties of our"cbz,-DrTl‘xr-OB.ut { }_}_ﬁ) were in good
agreement with their data,’ |

Transfer hydro‘:;en"ati-on ”fro:p cyc]rohe,xe;ne, a new proceduif.e
for t:he; removal of Cbz ~gx"oups Jfrom amino aqid’ and, péptide deri-

; vatives 27, was selected for the'.deprc‘:tecution of (+)-118. The
reaction appeared to wor; well’ on a.\émall' scale, giving a good
yield (78%) of a crude broduct,"the ii.r. and lH.m.x. Bpeétra of
which agreed with the expected structure. However, thé yield of .

113 after’ chz:omatographyn (54%) was disapbointiqg. This loss may
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. -
have been due to some cleavage of the tert-butyl ester as well‘
as poor mpobility of this rather polar compound on the column.
The behaviour of the isolated 713 left the impression that it
was unstable. It is possible to envision the breakdown of 113

by elilmination of isobutylene to regenerate the amino acid,

Fig. XXXV

D-threonine, as in fig. XXXV. However this process need not be
intramolecular. T tert-butyldimethylsilyl ether (+)-120 (pre-
pared in 75% yielde described in chapter 1,'p. 33) appeared
to be more stable than 113 although it too seemed to deccompose

at room temperature. In view of their relative instability,

both 113 and 130/ were used as soon as posgible after formation.
This problem might be circumvented by silylation of the
¥-protected ester 118 first to give 121, followed by hydrogeno-
lysis of the Cbz group at 25°C with 1,4-cyclohexadiene!28 to
yield the relatively more stable (+) -—y_é_.
Synthesis of Schiff base 122 and cycloaddition to give a

KBRS e -w.u.‘.-.._ -
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mixture of g-lactams 123 + 124 (63% from 120) by the method de-
scribed in chapter 1 (p. 34 ) went as expected. A pol'ar impu-
rity produced during the reaction was assumed to be the corres-
ponding amide 125 (not isolated). With the knowledge gaJ;.ned
through the synthesis of 89 + 90 (p.35-7), we were able to use
the silyl absorptions in the ‘H.n;.r spectrum, especially the

tert-butyl silyl signal, as markers for the two expected dia-
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stereomers. Again the minor isomer gave absorption bands down-
field from the major one, both _the two silyl methyl singlets
being disqernible in this case. ' Integration of these peaks in-
dicated the presence in the }ixture of abou]t 11 or ‘12% of the
minor isomer. Furth'er evidehce ‘was pro;rided by the observation
of a small singlet about 5Hz upfield from the teri-butyl ester
signal. These conclusions were substantiated by HPLC analysis
which revealed a ratio of 90:10 for the major, less polar iso-
mer 123 to the minor, more polar isomer 124.

Isolation and characterization of these éiastereomers es-
sentially supportea the assigned structures. As for the benzyl
ester derivatives, the minor isomer (+)-12¢ was the more polar

isomer with a positive optical rotation {[m]D23 +65° (c 0.6,

s

CHCl3)}. Individual absorptions for all protons were visible in

the 200MHz lH.m.r. spectrum. A coupling constant of 5.2Hz be-
tween H-3 and H-4 confirmed the cis configuration for the B-lac-
tam. i?owevar, the 200MHz !H.m.r. spectrum of the major, less
polar isomer (-)-128 {[a] 2?3 -85° (c 1.5, CHCl3)!} did not imme-
diately allow measurement of the analogous coupling constant.
.Inspection of the lH.m.r. spectra of (~)~89, (+)-90 (p. 34) and
(+)-124 (p. 60) would lead one to expect a pattern of ,six’ lines
(a doublet for H-3 and a doublet of doublets fo.r H-4) , instead
of the four line pattgrn observ;d for (-)-123. Using the coup-
ling constant (Ju,s= 8.4Hz) measured from the H-5 signal, and

assuming that t{fxe H-4 doublet of doublets is upfield, one can

\
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estimate that the upfield and downfield peaks fogjé-3 and H-4
respectively should coincide at § = 4.84 ppm (the mo;t intense
peak) . The coupling constant between H-3 and H-4 would then
equal the separation of the two upfield signals.in the pattern,
that is, 5.4Hz. This implies that (-)-723 also has the cis con-
figuration. In any event a drastic change in mechanism between
the cycloaddition of imine 88 (p. 34 ) and of 122 is unlikely.
In fact, the 90:10 ratio for the two diastereomers was not
significantly different from that obtained in the case of §§
(88:12). It appeared, therefofe, that increased steric hin-
drance did not have és much an effect as we expected by compari-
son of the report of Just and Liak®! with our earlier work.
In the light of these results, it became of interest to y
evaluate the effect of the second chiral center of the starting
aﬁino acid on the stereochemistry of the cycloaddition reaction.
Since the amino acid, L-serine (75, Pp. 63 ), lacks such a cen-
ter, its benzyl ester (76) is a more appropriate substrate for
comparison with our D-threonine benzyl ester (74) than the

L-serine methyl ester (126) used by Just and Liak 8!,

@
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> The same reactions which had been developed for the pre-
paration of the threonine benzyl ester derivatives were applied
to the syntpeqis bf the serine benzyl ester derivatives (fig.
XXXVII) . Because it was more readily available in larger quan-
tity and at a lower cost than D-serine, ;he L-enantiome; (75)
was used as starting material. Esterification of BOC—;4Ser““133
(131)’by Ono's method®? to give BOC-L-Ser-OBn (128), followed
by cleavage of the BOC protecting group®?® gave the ester hydro-
chloride 76 which had a slightly higher rotation {[u]D‘23 -6.1°
(c 4.5, methanol)} than that reported by either F8lschb! {[u]D‘

-4.1 + 0.5° (c 4.4, methanol)} or Losse and Augustin!?? ‘[[a]D

'-4.19° (c 4.53, methanol))}.  Silylation’® to give 129, followed
I~

by reaction with trame-cinnamaldehyde’? yielded imine 130.
Cycloaddition‘as;;sual resulted in a mix;ure of 8-lactams 131 +
132 (48% from 129) plus the amide (+)-133 (28%) which this time
was isolate&-aq@ characterized.

It was immediately obvious from the 'H.m.r. spectrum of
131 + 132 that an asymmetric cycloaddition had occurred, al-
though with less stereospecificity than for the D-threonine
derivatives. The marker silyl peaks in the 60MHz !H.m.r. spec-
trum indicated that approximately 25 fo 30% of a minor isomer
was present. Integration of these peaks was less accurate since
the differences in chemical shift were smalier. The signs of

steric- strain were also reduced. First, the 8ilyl methyl ab~/

sorptions appeared as one, broadened singlet and not as two
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diétinct_peaks. Secondly, the AB quartet absorption for the

benzyl eétér methylene of the major isomer was characteri zed by

a vy-vp/J of 0.5, similar to th;e acyclig- silylated D-Thr com-
Hpounds 82, 88 and 91 (p. 34 ). (All of the other silylated deri- .

vatives in this series displayed singlets rather ’than AB guar-

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

'ences were smaller than in the D-threonine geries. ‘ :

i1-\\11a1~1ys.1'.s and separation of thege stereoisomers by HPLC

éroved to be quite difficult. When a Waters 440 ?;;paratus be-
came availa{ble, it was pqssib;e’tc; recycle tl-.he samples through
the column. Even 80, about forty-five minutes was required for
each geparation. Eventually the ratio of stereocisocmers for this

reaction was determined to be 79:21, and eno of each isomer

was obtained to allow the identification of both as optically

B i~

active ote B-lactams. |

The optical rotations of thege f-lactams, and also their
configurations, reflected the L-stereochemistry of the starting
material t;ut their other properties were as expected. The major,
less polar g-lactam \(+)-_1_3__1_ exhibited . a positive optical rota-
tion {[a] 523 462° (c 1.4, CHCly)} while that of the minor, more
polar g-lactam (-)~132 was negati.ve'{[u]D” ~50° “(c 0.6, CHCl;3)1}.
The rotation of (-)-132 is only an approximation since there was
still about 1 to 2% (measured by HPLC) of 131 -in the sample.

The coupling coﬁstant for the H-3 and H-4 absorptions in the -

200MHz !H.m.r. spectra of both stereoisomers was '5,1Hz showing

{3 | -
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-them to be ¢is isomers. The results of this investigation de-

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

chiral center to which it is attached) was of importance for the
extent of asymmetric induction, but not for its occurrence.

Because of t:.ke-\‘digcr{pancy between our results with
L-Ser-0Bn and those of 'Just and Liak with L-Ser-OMe where the
poséibility of racem;zation was mentioned®!, it became necessary
to estimate quantitatively the involvement of any racemization
during the c¢ycloaddition r'eaction.

anthesis‘ of the biologically active 0-2-isocephem (+)-70

(chapter 1) had established that the absolute stereochemistry

" of the eis B-lactam in the major diastereomer formed during the

"cycloaddition of D-threonine derivatives, was that shown for

(-)~89 and (-)-123 in fig. XXXVIII. Since the two chiral cen-
ters in the D-threonine moiety of (-~)-8J were eventually de-

stroyed during this synthesis, depicting their stereochemistry

Ph
N H H
a-). OS:H‘-
H o 2 ]
o -~
. o” “or
(-)-89 R=*Bn . (+)-90° R=Bq
(«)r123 " R=t-Bu (+)-124 R2¢Bu

Fig. XXXVIII
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as in fig. XXXVIII required the assumption that they remained
unchanged during the cycloaddition. This is a‘reasonaﬁle assump-
tion for the‘e-carbon. However, since 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 a—-protons
were not removed under conditions leading to g~lactam formation.

Furthermore, the data so far obtained for the minor isomers
(+)-90 and (+)-124 (including their positive optical rotations)
do not prove that the ab;olute stereochemistry of their ¢is 8-
lactam rings is the mirror ‘image of the "natural" configuration
(see fig. XXXVIII). It is not impossible that the cycloaddition
may be giving 100% asymmetric induction with about 10% racemi-
zation; rather than 76 to 80% asymmetric induction as we have
been assuming. The minof isomers would in that case have the
stereochemistry shown for 134 and 135 in fig. XXXVIII.

Undet 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 deuterated reagent. If racemization were to occur,
then one would expect to find deuterium incorporatieon at the
a-carbon of at least one, if not both, sterééisomers. Because
the 200MHz !H.m.r. spectra of all the styryl g-lactams that we
had prepared showed the a-protons to be clearly separated from
every other proton, it would be relatively eésy to estimate the

extent of deuterium incorporation at the s-position.

-
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Therefore, chloroacetic acid-d; (136) (supplied by Merck,
+
Sharpe and Dohme) was converted to azidoacetyl chloride-d,

(138) viaq azidoacetic-d, acid (137) essentially as described

DO 0o 0D
NaN, soci, :
quant nY 3
136 137 . 138

——— ———g——

for the protonated compound by Wieland and Hennig !3l. The
azidoacetyl chloride-d, (138) showed no absorption in the C-H
stretch region of the infrared spectrum.

The cycloadditions of Schiff bases 88 (fig. XL, p. 69 )
and 130 (fig. XLI, p. 70 ) with this deﬁterated reagent were
carried out in the usual manner, except that anhydrous mag-
nesium sulfate was present and an atmosphere of argon was used.
The special care with which moisture was excluded from thase
reactions seemed to have lowered the amount of amides 141 and
14% formed (to 22 and 16% respectively from 28%), otherwise
the yields were essentially the same as before. Both amiﬂés
were isolated and characterized as well as the two pairs of

diastereomers, 139 and 140 from D-Thr-OBn, and 142 and 143 from

L

N
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L-Ser-OBn. The 200MHz !H.m.r. spectra of these compounds gave
no suggestion of any deuterium incorporation at the a-carbons
(within the l;mits of accuracy of the integration, *1.0%).

The mass spectra of all of these compounds also indicated
that no more than one deuteron was incorporated per B-lactam
product and no more than two per ami§a.. These mass spectra were

all taken at different times under different™Qonditions from the
b

>
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130

Fig. I

non-deuterated analogues. Since the D-Thr-O0Bn A-lactam deriva=-
tives were the moxre easily purified, the .l6eV fragmentation mass
spectra of the two deuterated analogues 139 and 140 were run at
the same time, under the same conditions as their protonated
counterparts (-)-89 and (+) -80 (p. 34 ). Only the differences

expacted for mono-deutcratgd compounds could be observed. In
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addition, the specific rotations in chloroform, of g-lactams
(=)-139 (-129°) and (+)=-140 (+38°), as well as of the dideu-
terated amide (-)-141 (-12°), were consistent with those of the
corresponding protonated. B-lactams (-)-89 (-~130°) and (+)-90
(+40°) , and amide (-)-91 (-12°).

Some exchange of deuterium by hydrogen (sbout 20 to 40%) at
the deuterated positions of all the deuterated analogues (figs.
XL and XLI) was evident in their respective !H.m.r. (and mass)
spectra. Most }zii.kely this exchange involved the reagent either
before, or durihg the cycloaddition process, through traces of
water in the reaction medium. Exchange at the position in pen-
icillins (C~6) equivalent to the C-3 of these monocyclic B-lac-
tams is usually accompanied by epimerization!??, a process not

detected in our case. ﬁxchange without epiméiization has recen-

tly been reported by Claes ¢t all!’? in the S-sulfoxide of Pen-




®

QN

icillin v benzyl aster ( 10) ,» but under more strenuous conditions
relative to those of our cycloaddition i':eactz.on. ‘
. The lack of deuterium z.ncorporata.on at the a-carbon of both
the D-Thr-0Bn and the L—Ser-OBn derived B-lactamas indicated that
racemization was not occurrmg during the cycloaddition. * What
then vas happening during the cycloaddition with the L-Ser-QMe

°

derivative reported: by Just and Liak?

se%, ) : 1%

— vm———— 1 epimane
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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, (138) in the usual manner. The resulting solid was

N o ARG MERAT M S

separated by flash chromatography®® into amide 149 and a solid

B-lactam fraction. With the experience gained from our previous

- e vt e

work, we examined the 60MHz !H.m.r. spectrum of the B-lactam

fraction for evidence of two diastereomers. Threemextra, small

e S |

singlets appeared in this *spectrum, two of them downfield froﬁ‘ .
o the marker silyl peaks, methyl and tert—but}ly and one of them i

upfiéld from tﬁe methyl ester signal. This suggested that the

rea&tion did indeed proceed asymmetricallﬁl As for the L-Ser-OBn

g-lactams (p. 65 ), separétion of the two diastereomers by HPLC

was an arduous process. After a retention time of about one
g

hour, we observed an isomer ratio of 18:82. 1In th ””3;399/€§2~4\R§//«\\
major isomer I48 was more polar than the minor isomni 147, in

¢

|
’ " ‘contrast with all the other pairs of diastereomers. This ratio ;
cannot be considered sigpificantly different\from those obtainedi
for the L-Ser-0OBn series because of the diffidg}ty of sgseparating |
ﬂ the amideufrom the mixture. Although great care .was exercised, |

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

amide fraction (or with other, less pqlar'impurities) could

- A

. o /
. . easily skew the ratio in favour of one or the other igomer. .

o

s ————

[ A small amount of the major isomer 148 was isoldted by HPLC

aha characterized. Since this mater%al was a solid, it was also
f

"
]

possible to crystallize major isomer 14§ di}ectly out of the mixr
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-ture 'of g-lactams. The mother liquor contained a ratio of about

40:60 of minor to major isomer, making it easier to-isolate the
miﬁor isomer 147 by HPLC. The 200MHz !H.m.r. spectra of both di-
astereomers again showed no sign of deuterium incorporation at
the a-carbons. Although a reasonable quantity Sf recrystallized
major isomerglgg was now available, it was not possible to detect

a significant, reliable rotation for this compound. We have re-

corded a value of [a]D23 ~1° (¢ 2.5, CHClj3) only because the re- -

sults of measurements’using two polarimeters consistently gave
very small negative values. It would seem that the sg?qgéyﬁ"sgn-
tributions of the three chiral centers in this molecule cancel
each other. Any product with such a small optical rotation could
easily be mistaken for a racemate. Because the separation proved
to be 8o difficult, no attempt was make to collect enough mater-
ial to determine the optical rotation of the minor isomer 147.
That L-Ser-OMe also resulted in two diastereomers with no
deuterium incorpération at the a-carbon damoustrgted that race-
mization did not occur in this reaction either. The ratio of
B-lac:am diastereomers resulting from cycldaddition with azido-'
acetyl chloride is, therafore, a measure of the amount of asym-

metric induction, and the amino acid residue in each diastereo-
mer retai;s the original stereochemistry 6f the staéting a—-amino
acid. When that starting material was an R-amino acid, the

sterecchamistry of the ctie B-lactam ring in the major stereoiso-~

mer is the same as that of tha natural. penicillins and cephalo-
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sporins. That of the minor B-lactam isomer has the opposite
configuration, as depicted throughout this work.*

After the completion of these studies, some publications
have appeared which contribute to our overall understanding
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 1 to 4). Only eis B-lactams weré reported,

probably because all the reactions, including ours, were carried

out with ¥-alkyl rather than N-aryl substituted Schiff bases'®®,
The diastereomeric ratios obtained for these c¢is g-lactams sug-

gest that they are sensitive to the distribution of stéric fac-

- tors in the whole molecule. The effect of the following 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 groﬁp.

b) the absence of substituents.at the g-carbon of the starting
aéino acid, and

c) substitution of the a-carboxylate ester.

The résults of these reactions also demonstrate that a chiral

center is a necessary, bdt not a guffigieﬁi-condition for

°

agymmetric induction, i}

- Lt . ‘
. This last statement, and the effect of not having a‘bulky

alcohol protecting group, were amply illustrated by the results

1

- of Bose, Manhas and their coworkers 8’. They described the
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76
ecig f-Lactams
Item Imine No. Major Minor Reference
. ¢ch. 2,
1 122 %0 2 10 b, 60
[-)
Ch- 1’
2 \Kﬁ: . 88 88 2 12 p.’ 34
ch. 2,
3 \'E}: 111 B2 +2 18 o 73
[}
ch. 2,
4 \HET‘ 130 79 12 21 ‘p. 64
5 ::(:LL\E 159 70 30 137
6 ji\ 151 54 46 134
7 .&* 154 51 49 135
&
8 15(:5 149 | 50 50 87

' Table 3: Comparison of imine structure and oie g-lactam ratios.
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¥+

cycloaddition of the p-nitrobenzyl ester of N-cinnamylidene

D~threonine (149), the alcohol group of which was not protected
in the usual way. They speculated, however, that the hydrogen
bond formed betwggn the ester and the alcochol groﬁp was strong

enough to afford protection under the mild conditions used.

z

~—

N,CH,COC!
807,

Ph
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N, | "
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Even though two chiral centers were present in the starting
material, the two diastereomers 102 and 150.were -formed in
about equal quant}tios {Table 3, item 8). This is in complete
contrast to our results (an isomer ratio of 88:12) obtained
using the large tq?t-butyldiﬁeth&lqilyl alcohol protecting
group (Table 3, ifem 2). ~ - : e

The imﬁo:taﬁcq of alcgrbon nubeituents in éhe starting
aminolg:ﬁcx on the course of the reaction.is demonstrated by the

work of Ojima et al 134136 | #hig group was interested- in the

f
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Ph N,\H N h
. "
N % -> A
MEH,COC! o N +
coor 75-30%, Coor
151 R=Me 152 R=Me  54:48 153 R=Me
154 R=¢Bu 1556 R=¢By 51:49 16 R=¢-Bu
)H,/Pa,285'C 1) 1,/ Pd, 28"C
Jaccl 2 AcCt
JH, /™ 'se°c I H,/pd, 50°C

¥-Ac-D~Phe-L~Ala-OMe N-Ac~-L-Phe-L-Ala-OMe

157 3 158
Fig. XLV

preparation of oligopept‘ides by the hydrogenolysis of 4-aryl-
2-azetidinones (such as 152 and #{)‘é The diastereomeric ra-
tios of the g-lactams were c:m].fD reporii,ed for the reactions in-
volving -the methyll!3% and tert-butyll3S esters of N-benzylidene~
L-alanine, 151 and 154 respectively. These Schiff bases con-
tained no g~carbon suhsti'tuong:, and on cycloaddition with a;ido-
aé\tyl;\chlorido, yielded ratios of stereoisomers (representing
h reJ,at;.ive isolated yields) aequal to 54:46 and 51:49 respectively
(Table 3, ite_ml 6 and 7). These ratios ;ro virtually 1:1, in-
d;'l.cating éﬁat no asymmetric induction took place. The respec-

tive stereochemistries were assigned by chgmicilly j.-¢lating the

Rt Vom0 3 8
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B-lactams 782 and 153 to the known'“dipeptides 157 and 158 as '
shown in fig. XLV. |

Subsequem:ls work by Ojimal3’7 has shown that the lack of i
g-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 (+)-R-phenethylamine 159 yielded

a ratio of diastereomers equal to 70:30 (Table 3, item 5). The

~
en
L~
~
=9
|2

Fig. XLVI

stereochemistry of the g-lactam ring in the major isomer 160
(determined as for the L-alanine derivatives above) proved to be
that of the natural penicillins and cephalosporins. On the ba-
sis that the carbon alpha to the aminr in 159 has the R-config- |
uration, we"would have predicted the same stereochamistry. To ‘
what extent the 3,4~dimothoxy groups /of the aromatic aldehyde
moiety in 159 also contributed to the asymmetry of the reaction,

’

I
/
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cannot be determined because the reaction with a benzaldehyde

moiety has not been reported.
Two further results described by Bose, Manhasg ¢t al87 in-
dicated that the bulk of the acyl chloride reagent itself can

contribute to the stereochemical.outcome of the reaction, In

Ph

PNS
(t)-168

Q.. .
Ph
. d
oPNs I 07 Noens
0 : 4o 30 : 20 .
164 166
Fig. XLVII
..

o et - o h i e e e e s
ST e Y.

e e 2 7




—

81

an effort to find an altegnative to the hazardous azido rea-
gents 138, they found that "Dane salt" 162!3%, when suitably ac-
tivated, could also lead to cis h-lactams°7ilﬁ°.' When the ac-
tive ester 163 was reacted with the DL-threonine derivative 149
(again unprotected at the alcohol), a diastereomeric ratio of
60:40 was obtained for the g-lactam mixture 16487. T&;gﬁfepre—
sents .a minor improvement over the l:1 ratio obtained using
azidoacetyl chloridq. A further imérovement, reflected in a di-
astereomeric ratioc of 80:20 for the g-lactams 168, was achieved
with the DL-~phenylserine derivative 165%7 (fig. XLVII), in
which the bulkier phenyl group replaced the g-methyl group of
threonine. It would be interesting to see whether or not a
further increase in asymmetric_inducticn could be obtained if

the alcohol group of either 149 or 165 was protected.
- &

1

Conclusions -

Ly

From these studies, we can draw the following conclusions
about the formation of an excess of one c¢is S~lactam diastereo-~
mer (asymmetric induction) using the Doyle modification30s 51 of
the imine -~ azidoacetyl chloride method of Bose 6.

- 1) The imine must contain both a chiral center alpha to the
4 nitrogen and a bulky substituent either on the a- or the ° *

g=-carboen.
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2)

3)

4)

5)

6)

7)

¢ 82
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When the a-chiral center has the R configuration, the stereo-
chemistry of the major g-lactam diastefeomer is the same as
that of ﬁhe Eatural penicillins and cephalogporins.
Racemizagiéh of the a-chiral center does not occur during
the cycloaddition. "
When the imine is deri;ed from an a-amino acid, the size
of the carboxyl protecting grouﬁ has little or no effect on.
the stereochemical outcome of the reaction.
Increased asymmetric induction is obtained when the B-carbon

is di-substituted with at least one bulky substituent.

Incfgaged asymmetric induction can be achieved by substitu-

ting the azido group of the acyl chloride reagent by a bulkier

group, provided it also promotes c¢is stereoselectivity.
Bulkier a,S8-unsaturated imines as such, or in combination
with other bulky groups on the N-substituent, may also lead

to increased asymmetric induction.
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CHAPTER 3 -

The studies carried out so far have shown how a 3-amino-
g-lactam with the Etereochemistry of the natural penicillin
and cephalospo;in antibiotics may be obtained. Because of
the predominance of non-crystalline intermediates and the
necessity to purify by chromatographic methods, the synthesis
outlined in chapter 'l is not readily applicable to economical
industrial processes. Furthermore, the D-amino acids are rel-
atively expensive starting materials. Ideally, we required an

inexpensive material with stereochemistry structurally related

to that of D-threonine, functional groups suitably situated

- for the eventual elaboration of the 0-2-isocephem ring system

and the potential for producing readily purified crystalline
g-lactams in high yield.

Inexpensive carbohydrates. are- finding more and more
applications as chiral templates!*l»14*2 _  gince their chem-
istry is well-documented, we thought that a starting material
which would fulfil our requirements might be found among them.
The most readily available amino carbohydrate is D-glucosamine

hydrochloride (187, R = H, fig. XLVIII, p. 84 ). The structure
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and the stereochemistry about carbons 2 and 3 of 167 match those

of 'the a- and g-carbons of -D-threonine (71)J. There is also an

. Me
. H s .

1;“ D-Threonine

167 D-Glucosamine (R = H)

Fig. XLVIII

anomeric center (a hemi—acQtali which may‘later/hc converted to
;n ester or a carboxylic agid. This anomeric center, as is
well~-known, allows the existence of two contiqurations,~an
axial o=~ (167A) and an equatorial g-anomer ; 678) An addi-
tional stereochemical factor is thnxebyAmadc vailable for a
study of its,inflqence on the cycloaddition reaction. .
Methods exist for tﬂe formation and sepgration of va:ious'u

a~ and B-glycosides of glucosamine 143 144 Lut, for our pur=-

. ' w\?}"'\’;
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poses, it was considered more dasimbie to synthegize each
anomer by specific methods. A search of the literature indi-
catgd th;t such a goal would be readily} attainable for the \
o~ and B-anomeric acetates. This in turn made the choice of
protecting groups an easy one, since many methods for the
cleavage of acetyl groups are known !“5-148 _  Because the
B-acetate appeared to be the more easily obtainable anome ',
it was synthesized first.

In 1931, when Bergmann and Zervas !rst prepared the ani-
sylidene Schiff base of D-glucosamine (168)!%%, they deduced by
chemical means, that the tetra-acetylated imine 169 consist/ad

of the f~anomer exclusively. It was not until 1973, however,

‘ : OAc
Ho= NeOH s Ac,0
NH, + PHCH=CHCHO n.v
- L ( 7,
. R
187 PRELL v ome 169
. . 170 Rs 171
L &
{ = 172 m N 73
Fig. XLIX

4
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that Panov et all50 showed By lH.m.r. studiascinmfdso—de that = |
the unprotected imine 168 (and also the Eaiicylidené analogue
170) was itself fowsively as the B-anomer. In the
region of‘ the 100MHz !H.m.r. spectrum (§ = 5.5 t{: 7 ppm) where
the anomeric hydroxyls were ’expeci:edr to absorb, t':here was only

Ve [

one proton signal which was exchangeable in D,0. For both -
- (§

imines 168 and 170, this was a doubleg (T = 6.5Hz) at & = 6.75
ppmis® . This corresponded well with the data obtained by Casu
et allSl for the s-‘an_muer:a of a variety of monosaccharides
(6’ = 6.3 to 6.6 ppm, J = 6.0 to 7.0Hz).

* Similar results were obtained for the crystalline N-cinna-
mylidene Schiff base of D-glucosami‘;ze (172) > Zfig. XLIX) which
we prepared in an aqueous med:.um by the method by Bergmann and

zervas!“? . . The only signal exchangeable in DgO appea ng in

the relevant region of the 200MHZz !H.m. r. apectrum of I72 yas
7

4

a doublet (J = 7Hz) at‘é = 6.60 ppm. .
Peracntylation‘of 172 with acetic ar;ﬁydr;&i/pirridi el5? af-

forded the crystalline g-acetate 173, the 200MHz lH.m.r. spec-

trum c;f which was consistent with- the 100MEz l4.m.r. spectra

puiﬂ.islmd for 168 and 171!'5%, our proton assignments» were made

" in accordance with these spectra. The anomeric proton appeared

-~

*
-

. - : . [ .
*A foldable flow chart is available in/Appendix III, which illu-

strates| the relevant reactions and(éompounds of this chapter.

R
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1/ as a doublet at & = 5.95 ppm (I = 8.5Hz). This is typical of,'
f-acetates in which shielding is increased and ldrge'r coupling
constants are observed in &omparison with a-acetates!53. No.

’

absorption, characteristic an a-acetaﬁe, was observed.

The cycloaddition of 173 with azidoacetyl chloride (in
contrast to the amino acid derivatives) gave a 95% yield of
‘crystal}ine jg=lactam material. Unfortunately, analysis i:y HPLC

showed that the two diastereomers,174 and 175 were present ‘in

\

NEt, /-18°C
ni——————

N.CH,COC!
L YA

——

egqual amounts. Chromatography 'proved to be unnecessary, how-

| ever, for the separation of these two stereoisomers. A suffi-
cient quantity qf each diastereomer was obtained in a pure
state by the Pasteur-method!5*. When the mixture of 8-lactams

was crystallized, two distinctly different types of crystals

©
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\war¢ produced...needles and rhombohedra. Large fhdmbohedral
'crystals ﬁnne easily separated from the. mixtnre by hand. Then

those needles, still obvioualy part of radiating clusters, were .

‘collected. The needles were identzfled ‘by HPLC as the less

- . polar isomer (+) =174 {[a] 23 4145° (c 1.5, CHCL )}, ‘and the /
. i D . 3 )

rhombohedra ‘as the more polar isomer (-)-175 {[a] 23 -40°
The 200MHz !H.m.r. spectfa clearly showed
= 5.IHz) .

(c 2, CHCls)}.

bothybiastereomers to be ois B-lactams (Jziy: The

dlfferent stereochemlstrles 5hown 1n fig. L were assigned later

when the data could be compared with those obtazned from the |

N

corresponding a-anomers.

Since we now know (chapter 2, p. 75 )} that the presence
of chiral centers per se is not necessarily enough to induce
asymmetry during the cycloaddition, examingtion of a molecular
model of 173 can explain the above result. ‘The groups which
would be expected to have the largest effaect on a reaction at

the imine are the C-1 and C-3 acetoxy groups. In 173, these

t———

groups are disposed "symmetrically” relative to the reaction

center. In the a-anomer, there is spatial "dyssymmetry" about

It was, therefore, of interest to determine the

pehaviour of the a-anomer during the same reaction. /

/
»

this center.

The preparative method selected for this anomer was(in—
}

" spired by ‘the report of Sinal et aZ155 who described the ior—
mation of the ammonlum pjrchlorate salt 178 (fig. LI, P. 8@ )

by addition of perchloric acid to the known 2-methyl-oxazoline

4
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1761562 157, 7The lH.m.r. spectrum (in DMSO-dg) of 1?8‘§i§— ‘.
« played a doublet at § = 6.24 ppm with J = 4Hz, indicating .
that ghe acetoxy group at C-l was in theﬁgiggﬁfigur§tion. ’
\ When we treated'2~@ethyi~ogazoliné‘£Z£ with 1N hydrochloric
¢ acid, the lﬂ:ﬁ.r. specg?hm (DMSO~-d;) of the resulting salt
177 also displayed a doublet at & = 6.25 ppm with J = 3.5Hz. .
In methanol-d;:‘this.d;ublet occurred at § = 6.35 ppm (J = 4Hz). -
Since this Spectfum showéd better resolution,. it was‘?he one
reported in detail.‘ Thq melting point and infrared spectrum
of 177 were consistent with those of the ammonium chloride
salt prepared by Micheel et allss, alfhouqh we recorded a
highér optical rotatioh«{[alD23 +146° (c 2, water) versus
+130° ¢(c l;ﬁwater)k. ) ,
Formation of the ¥N-cinnamylidene Schiff baaé 179 required .

initial neutraliz&tion of the spit 177. In order to avoid the
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possibilityiof'transab&lation within the basic amire inter- -.
mediate, the salt was added<to a cold mixture of cinnamaldehyde

and sodium acetate.' This resulted inan almost quantitatlve

»

yleld of crystalline Schiff base 1738

Later, it was found at
the addltlon of sodium acetate ko a mixture of the other t

~,

reagents (a more, convenlent procedure) had no adverse affect on

No N-acylated by-products could be detected.
Treatment of Schlff base 179 with az;dagcetyl chlorxde,

again gave a 95% yield of solzd B-lactam material *This tlme,

analys;s of the crude product by HPILC showed that the two dia~

istereomers 180 and 181 had formed in a ratlo of 85 15, thh the

i

major’ Lsomer 180 belng the less polar one. Thls isomer was .

very easlly Lsolated in about 75% yield by taking advantage of

Ohce the polar meurxties were removed

P 2

" Net, J-n'C
-n——-a——--’-’
N,CH,COC
o/
179 . C(M)-180 7 - (#)-181
-
h - u- LII o - //«‘
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from the crude product by filtration through silica-gei.

trituration with anhydrous ether, filtration and récrystal-
¥

|

izatibn readily yielded the.pure major isomer (+)-180 {[a]D23
+151; (c‘2, CHCl3), Jyuys = 5.2H2}. The amorphous scolid re-
maining could unfortunately not be crystallized. Nevertheless,
flash chromatog‘raphy86 all;wed the separation in pure form of
enough mi:or/isomer (+)~-181 {{a]D23 +10° (c 4, CHCly), J3uy' =
5.1Hz} for characterization. )
In order to obtain scme idea of the B-lactam stereo-

chemistries of these two isom;rs, qualitative optical rota-

<

tory dispersion (0.R.D.) curves of dioxaneysolutions were

obtained and comparéd with that of the B-lactam (~)-89, de-

rived from D~Thr-OBn (chapter lf'pr 34), the stereochemistry

of which has already been established unequivocably. The
styryl group was the most useful chromophore here, as the

g~lactam absorption was swamped by all the esters present in

183a. RsW  183b
183 Reme 183b
Rehling and Jensen!3? reported a )\ of

thase gglecules. max

262nm for the two 4-phenylazetidinoe;s 182 and 183. Since
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be expected to have a A
Indeed both (+)-180 and (+) 181 showed Cotton effects int that

region.

A
™ I
e

acid has a A of 273 nm 160, the styryl group would

’ max

max

somewhere between 260 and 270 nm-.

¥

The major diastereomer (+)-180,exh1b1ted agnegative.'

Cotton effect with a trough at 272 nm and a peak at 244 nm, -

while the minor diastereomer (+)-181 gave a positlve effect

with a peak at 272 nm and a trough at 244 nm.

give a A

max

Both appear to

at approxlmately 260 nm. The 0.R.D. curve of the

D-Thr-OBn derlvatlve (=)~ 89 proved to be somewhat complicated.

It consisted of a trough at 270 nm, a peak at 265 nm, a trough

at 255 nm and a peak at 245 nm indicating a negative Cotton ef-

fect.. Therefore, the f-lactam ring-in (+)-180 was assigned the

stereochemistry already established -for (-)-89 (chaptér 1),'that

of the natural penicillins and cephalosporins.

Wwith the data now available, the stéreoehémistr&'of the

isomer ' [°]D23~ retention time page
174 $145° 20 min. 87,
180 +151° 21 min. 90
L . ) ,
175 -40° 25 ‘min. ' : .87
- / "
181 +10° 32 min// 30
TABLE 4: N-(Z-Azetidinonyl)-D-glucosaminﬁ sterecisomers.

t
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- (non-polar) ‘fgolar)
proton 174(8) | 180(a) 175(8) | 181(a)

-« 4 A (CH=CHPh) 6.83 6.73. 6.77 - 6.68

. . B ~ i

) B (CHCH=CH) 6.02 6.03 '6.22 6:18

X (H-4') 4.55 4.53 4.31 | 4.39

Y (H-3'), 4.73 4.66 4.76 4.77

> \‘I ’
TABLE 5: Comparison of the 200MHz !H.m.r.-shifts of the 3-159*
41_-’“> tam and olefinic protons of 174, 175, 180 and 181.
174 and 175 could be assigned by comparison with the

g=anomers

D

and 131. Both of the less'polar isomers 174 and

Partoneney

e-anomers 18
180 had very slmllar, positive optlcal rotations (Table 4, p. 92)
" whlch were markedly different from those of the two polar iso~-

mers 175 and 181 On this basis thazﬁolactam ring in 17¢ was

asszgngd the stereoohemistry of 180, and 175 that of 181, The
200MHz !H.m.r. spectra’of-theIazetidinony; and olefinic protons
"y . in each—of the four btefoiQOmers supported this”correlation.
The coupling constants among these protons varléd very little
from one stereoisomer to another. The chemical shifts (Table 5)
did vary, hdwever, creatlng patterns which could be divided into
two pairs, 174 + 1ggAapd 175 + 181. The spectra of the carbo-

hydrate moioties'were Qs\expected for 2-acylamino-glucopyranoses,
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H-1, H-3 and H-5 be;ng deshlelded in the u-aﬁomers in compar1~ ‘

W

*

son w:Lth the B-ancmers 153, 1861

L] Ve

All of the ev1dence for*the steréochemlstry of the ma;or

dlastereomer (+)-180 suggests that we are dealing w1th the
Y

stereOLSomer related to the blologically active g-lactams.

Final procf would be provided by its transformationginto an

[ 4
Also, in view of the economy and

ease with Wthh a large amount of the 8- lactam intermediate
with the tentatxvely correct configuratlon could be prepared,

su;table alteration of the carbohydrate portion would be

.attractive from the industrial stardpoint.

Aﬁ\apprqach-analogcus to that outlined in chapter 1 was

envisioned (see fig. LIII, b: 95 ); that is, formation of

mesy;ateylag,‘deprotectign of its carbohydrate portion to

give the pglyol 184 and, finally, transformation of the carbo-

hydrate into a species 145 resembling enol 72 (p. 41 ),

éérhaps by periodate cleavage. The preparation of mesylate™=

189, however, was not as trivial a matter as it had originally

i

»appeared. . ' ’

our flrst attempts were directed towards obtazning the
primary alcohol 188 (fig. LIII) directly from the styryl
f-lactam (+)-180 (as in chapter 1, p. 41 ). Treatment of
(+j-1§g with ozone in 2-propanol/ﬁichloromethane, and then
with sodium borohydride adsorbed on alumina (NaBH,-Alox)93

for two hours gave an amorphous solid.which exhibited no

14 .
I
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still present. So was the small aldehyde absorption. Because
" the aldehyde, if present, may have been hydrated, the product

was heated under reflux for one hour in benzene using a Dean-

\

1
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Stark trap. No significant increase in the 'H.m.r. aldehyde
signal .occurred after this treatment. Furthermore, t.l.c.

indicated that .this material broke down slowly. to give a more

polar compound, and a néon-polar one with the same Rf as ben-

zaldehyde. This information, coupled with the reports of Just
and Liak®!, and Ohl®2, led us to conclude that the product was an

ynusudlly stable ozonide 186. This was confirmed by isolation

of the same material immehiatﬁly after ozonolysis'of 180 in
dichloromethane in the absence of ;ny alcohol or‘reduc@ng agent.
Reductidn of ozonide 186 with NaBH,-Alox?? overnight gave
several, more polar products which, at that time, were ascribed
to deacetylation. Reaction of 186 with dimethyl sulfide for
twanty-four hours at room temperature,showever, gave only one

product, the aldehyde 187. This crude material was. about 20%
‘ & N

-
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hydrated, as sﬁown‘by the 60MHz !H.m.r. spectrum. The H-1

'and,H-g absorptions of the carbohydrate residue in the hydrate

(6 = 6.3 and 5.8 ppm, respectively) were cleafly'sep%;ated
from those of the aldehyde (6 = 6.18 and 5.3 ppm, ;espec-
tively). These signals disappeared after‘a; hour of hqéting
under refluﬁfin benzene using a Dean-Stark trap, and a qpfres-
ponding increase in the aldehyde signal was observed. The
doublet‘of doublets at § = 5.8 ppm was assigned to H-3 of the

hydrate by comparing its spectrum with that of alcohol 138

'broduced later (p. 100k. Drying the crude aldehyde 187 in

vgcyd over phosphorous pentoxide for eighteen hours followed
byyrécrystalliz;tion, yielded a product thch appéargd to be
resistant to rehydration. /

A large scale version of this reaction yielded 65% benzoic
acid alonngith‘89% of the crystalline product. Since dry di-
chloromethane had been used, it woula seem that most of the
aldehyde. was not produced by reduction at all, but by decom-
poéition of the ozonide to give tlie zwitterion 190 which sub-

sequently rearranged to benzoic acidl!®?. some benzaldehyde

3

T |
M N0° = o NP = on

+

190

\ B

-




()

.

i e e e st T s e e e w e

98

was formed, however. This may be the result of either slow

‘reduction by dimethyl sulfide or reaction of rthe czonide

with traces of water to release hydroperoxide?®2,163,16% 1f

the latter pathl is followed, then the presence of some Kkind
i

of peroxide scavenger is a necessity.

OH Y
RCHO + P ——» PHhCHO + W0,
0 mo OH
~NYT =
o0 \ ' OH ,
PhcHo + R— ——> RCHO + HpO,
OOH
Fig. LVI

Initial attempts_ to reduce aldehyde 187 to alcohol 188
(fig. "LVII, p. 100) with lithium tri-tert-butoxyaluminohydride
(LiAl (pBut)sl-I) in tetrahydrofurén gave no apparent alcohol
formation even after stirring overnight at room temperature.
Heating under reflux for -an hour af\l;er the ,addition of excess
reagent also caused no change. Only after more than thirty-

A .
six hours at room temperatur® did any alcohol product appear

to be formed. By this time, polar material was also building
“up, most likely as a result of azide reduction and/or g-lactam
ring opening. Since aldehydes are normally reduced easily by

LiAl(QBut)3H155, this resistance of our aldehyde may have
d

been caused by a combination of two highly hindered species,

[N — - e e
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. A
the reagent itself and aldehyde 187, Further evidence of

the hindered nature of the aldehyde envirog:nt was obtained
when a small quantity of ozonide 146 (fig. LIV, p:\ 96 ) was
treated at\(0°c for three hours with LiAl(OBut)3 H. Less than
50% reaction océurred (t.1.c.). After warming to room tem-
perature, it took another three hours before all of the
ozonide had been reducec{ to aldehyde. These reaction i:imeg‘
are much longer than those usually reported for sﬁch reduc-
tions. Ozonide reduction by sodium borohydride, a reducing.
agent of similar strengthl86, is generally complete after two
hours at low temperatures (=70° to 0°C) 50,5195 . aAldehyde .
reduction b; LiAl(OBut)3 H can be accomplished within three
hours at 0°C8l, and ketone reduction\wigzhin thirty mimytes
at 50°C167 "

The borohyrdrides are among the least hindered reducing
agents, so a second attempt was made to synthegize alcohol 188
from aldehyde 187 with sodium borohydride adsorbed on alumina
(NaBH,-Alox)®3 . In an effort to eliminate any possible deace-
tylation, a 2:1 mixture of NaBH,-Alox and anhydro;ls magnesium
sulfate!®® was used in an aprotic medium. ~Thin layer chroma- ‘
tography showed that a polar product wgs being produced and '\\\ i
then transformed to another compound just slightly less polar
than the starting aldehyde. (This was no doubt alsoc o\fcurring
during ozonide reduction with this reagént.) These two produgts

-4

were isolated and identified. The more polar product proved

’

&

A‘k

[

A e o
»

rh———— e RS




sedes

. RS
- i I . v
s A ad 3
N -~ N CoL e W I .
”?" L o ’6‘"‘““ S ¥ 0 N P * 4 i i »
v AL e 5 g ! X it o - N
Ve e -
('1'\,»—-——
w;‘
1
.

Tt

o
-
AN e
s N 1
AN
. .
S : : 100
{ 4 »

to be -the expected primary alcohol 188. The iess polar pro-
duct contained no H-l absorption gharacteristic of an anomeric
acetate in its !H.m.r. spectrum, but it still had four acetyl
groups. Azide and g-lactam abscrptionS‘were algo present in its

infrared spectrum. A study of a molecular model of alcochol 188
[3 .

DMAP ,

ol : wh o

¢ Ac OAc
T ety L mEL
Ag NaBH, - Alox )
,::Sggéliuc MgS0,/-15'C : + oH
H'N' ,

y
N
T %
187 188 v 191
&
e M’Cl 8 “to
W7 | N, | oye
| \N/ ﬁ. ﬁ
ouar o/\<>m (\ﬁ)_
89 92
r g
Fig. LVII S -
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Ac OAc
< OAc
188 191

Fig. XLVIII

showed that, although intramolecul?r attack by the primary
hydroxyl group on the‘ anomeric acetate would involve an eight
membered cyclic intermediate, the constraints introduced by
the two riu.nqs already present can easily bring the two groups
within reach for interaction without requiring distortion. The
product of this transesterification would be the hemi-acetal-
acetate _1_9_1_ . The fragmentation mass spectrum of this siée
product dzjd not ;ontain & parent peak, but a peak corresponding
to the loss of nitrogen (N;) from the azide group (472 - 2;8\-=
444) was present (2%)'. The most abundant peaks were those '\J
associated with acstate fragments (m/e 43, 60 and 86) e:;c;mz)
for m/e 113 (4'3%) » which could correspond to the loss of nitro-

gen from the smaller fragment (m/e 141) resulting;frc‘i\\ g=lactam

*

i




_()

b il

102

idL \
% Y
cleavage at the Cy;, ~ C3, and N, — C,, bonds (141 - 28 =
113) 169, peaks corresponding to the logs of two )(m/e 211)
and three (m/e 151) molecules of acetic a.cid“ from the other-
fragment (m/e 331) were also present (10% each). )
Acetylation of this side product at 25°é yielded a

crystalline compound 19/2/(Fig. LVII, p. 100) with a 200MHz

a‘w
—~—

lH.m.r. spectﬁ:m displaying five’h)singléts, indicating the
presence of fi e acetyl goroups, and a doublet at § = 6.26 ppm
(0,2 - 3.4Hz) for an a-anomeric acetate. A small ‘dotblet

at § = 5,82 ppm (Jl,z = 9Hz) and br.oad triplet a£ 6§ = 5.4 ppm
(J2,3 = J3,4 = 1O0Hz) indicated that about 20 to 25%‘ of the
product consisted of the B~anomer. These values correspond

to those for the H‘-l and H-3 protons of the f-anomeric styryl

s“ compound was not especially help-

B-lactams 174 and 175 (p. 87 and 158 ). The electron impact
(EX) mass spectrum of tg.k

ful. Aside from the most abundant peak at m/e 86, only small

ones were praesent. It did, however, have a peak at m/e 335 .

&
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(9%) , which could correspond to ﬁhe gpecies 193. sSimilar

speciegs have been described by Budzikiewicz, Djerassi and

g-ﬂfp~ 194
144
N,

®

Williams!70 as befng part of one pathway for the fragmenta-
tion of peracetylated monosaccharides. Azetidinone cleavage
would then result in a fragment with m/e 194 (8%).

all attemét%nto prevent the formation of hemi-acetal-
acetate 197 (p. 100) weﬁe unsuccessful. Changing the solvent
to a more polar one (tetrahydrofuran) or carrying out‘the reac-
tion at room temperature served only to speed up the undesired
transesterification and/or deacetylations. Use of a less po-
lar solvent (carbon t;trachloride/dichloromethane,Q;:1) slowed
down the reductiog (even at 25°C) allowing mainly deacetylation
to occur. The best yield of alcohol 138 (45%) wés obtained
when the aldehyde 147 was added slowly to a cold (=~15°C) sus-
pension of the 2:1 mixtufc'of NaBH,-Alox/magnesium sulfatel!68

(p. 99 ) in dichloromethane. "This also resulted in a 328 yield

of the hgmi-acatal-acetate 181.
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‘Zinc borohydride is reputed to be neutral rather ‘than
basic!7! and has been used to reduce the a,é;ﬁnsaguratgd .

ketone 184 with no ill effect on the acetate group%qfter

t

~

onc .
R L
k Hn ‘ MK.CH,P
' 194 195
Fig. LIX N

-

_ eight hours in diglyme at room temperature !72., addition of
this reagent to aldeh;de 187 in tetraqidrofuran at 25°C re-
sdlted in very rapid diéépgﬁgfince of the starting material,
Put only a small amount of the alcohol formed. At 0°C, only
a trace of alcohol (t.l.c.) was obtained accompanied by a

" substantial precipitate containing many gdlar compounds. One

. of the éossible degtructive side reactions may be coordination

‘ of the zinc with the g-lactam nitrogen (or carbonyl) thus
prqgoting the opening of the four-membered ring. Metal coor--
dination in penicillins andﬁpephalosporins is known to inc-~-

' rease considerably the rate of g-lactam ring hydrolysisl’.

Conversely, intramolecular transacetylation may be inhereéntly

. , P .
L
ke . Yy ~ N 4
My , ¢ P - .
. A T A
1Y
j

< 104

v

B




¢ “ | 105
- ‘ * ‘ -
favoured, and accelerated by zinc catalysis. Once formed, '

hemi-acetal-acetate 191 could undergo carbohydrate ring o-

by reduction of the aldehyde so-formed to
196. Transacetylation and deacylation in diol 196

’wpuldpl ad to many polar side-products.

-
oH o °
N
< o e
~ "o,

Pig. LX

Considering the difficulties encountarjk in our attempts
to prevent transacetylation in primary alcohol 188, similar
problems were expected during the preparation of mesylate 189
(fig. LVII, p. 100)., Normally®*, methanesulfonyl (mesyl) chlo- —

ride is added to a cold (-15°C) solution of an alcohol in the’

- presence of triethylamine. We reversed this procedure by

adding the triethylamine slowiy to a mixture of methanesulfonyl
chloride and alcdﬁbl 188. The reaction of thé primary hydroxyl
group with the intermediate sulfenel!’* must be faster than

€
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transesterification because mesylate 189 was obtained in 90%
yield (after chromatography) . h
None of the product of transesterification, hemi-;acetal-
acetate 191, was detected by spectroscopic means. Since both
139 and 191 had the same mobility on silica gel, 'th,e presence
of small amounts of 191, subsequently removed by recrystal-
lization, ;:annot be completely discounted. JMesylation of any
191 present would give an anomeric: mesylate which is not ex-
pected to be particularly stable. When the mesylation was
carried out with alcohol 188 still contamindated wf.i:h 191,
there was produced a more polar compound which seemed to
decompose on étandinhg .at room temperature as well as on thin
layer chromatography plates. This behaviour was ascribed to

18%) . That this kind

the labile anomeric mesylate (or chloride
of decomposition was not noticeable in the crude mesylate pro-
duced from pure alcohol 188 is fur}:he:fii evidence against trans-
e:terificatiox:x during mesylation.

A@ough the target intermediate, mesylate 189 : cpuld
be .synthesized successfully, the fact that one of the steps
gave a low yiel:d alfter a difficult chromatographic separation,
prompted us to look at ‘alternative pathways. One immediate
possibility was to transesterify alcohol gﬁ‘completely‘kéo
the hemi-acetal-acetate 191. Theoretically, 191 could then

be transformed into the required enol (for example, 199, fig.

LXI, p. 107) by deacetylation, selective tosylation of the

1
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Pig. LXI

primary hydroxyl groups and finally periodate cleavage of
the carbohydrate moiety.

Attempts to obtain an increased amount of the hom.jl.-atLtgl
acetate 191 from .the"Na.BH.,-Alox reduction of aldehyde 187 (fig. ‘
LVII, p.100) always led to substantial amounts of more polar

products when the reaction was forced towards completion. A
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different approach was, therefore, investigated. A dilute
dichloromethane“solution of primary alcohol 188 was stirred at
room temperature with a selection of nitrogen bases. With
imidazole, the reaction never seemed to produce more than 50%
product, even after refluxing for three hours. $Triethylamine
gave better results but also‘prodgced a considerablg quantity -
of polar material. 1,8-Diazabicyclo{5,4,0]Jundec-7-ene (DBU)
destroyed the alcohol completely. 4-N,N—Dimeéhylaminopyridﬁpp
(DMAP) gave the best results, 76% of recrystallized 191 after

stirring twenty-four hours at room temperature. Interestingly,

_when this transesterification with DMAP 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 191 when dzssolved in ether solvents than when dis-

solved in chlorinated hydrocarbons, maklng Lntermolecular at-
tack more favourable.
Befo;e this synthesis could‘;e further éxtended, it was
necassary to deacetylate one of the intermediates. Traditional
methodsl“s for deacetylation of carbohydrates include treat-
meth with methanollc ammonia and catalytic amounts of barium
or sodium methoxide in methanol. A potential condidate for
deacetylation was the mesylate 18§ (p. 100). Mesylates have
been known to survive sodium methoxide catalyzed deacetyla-

tion175, but it was also important to know if the B-lactam

would survive under these conditions. In order to simplify
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‘matters, studies ware carried out using styryl 8-lactam 180
(p. 90 ) and, principally, hemi-acetfl-acetate l§1.  Treat~

ment of 191 with imonih, even at -10°C, produced a mixture of

. polar compounds with no g-lactam absorptién in the i’nfraped\

spectrum. Deacetylation catalyzed by barium methoxidel’%’, was

fivrst tried on 1,3,4,6-tetra-o-acetyl—2-benzyloxycarbonylnmir{o-

2-d§oxy-D-'glucopyranose (200). The product, ¥-Cbz-~D-gluco-

samine ( 201) was produced in about 80% yield after -two days,

OAc
AcO S
Am s S
'H Qac -19'C oH
| ~Toa« w, HN._ _OBn
200 801

|

Sb - .

Fig. LXII

121

]

1

by gradual crystallization from the rea::tion medium at -10°C.
This crystallization process seems to be essential to prevent
attack on the newly formed hemi-~acetal (aldehyde) at the ano-
meric center. Neither 191, nor the styryl g-lactam 180, be-
haved gimilarly towards barium or sodium methoxide. " In parti-
cular, 180 was completely decomposed by this process. A milder

methoed, lithium hydroxide in THF/water (3:1)177. 146 , wag tried

Vi ’
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on 191 but this did not lead to one distinct product either.

There are Aeveral factors iavolved in this deacetylation. .

Under catalytic conditions, the acetates may be cleaved faster
than the B—lac\am, but the length of time required for com-
plete deaéety;ation is long enpugh for the azetidinon; to be
cleaved as well. Moreover,:ié is possible that intramolécularw
attack on the azetidinone by one of the ;awlg formed hydroxyl
groups can occur. ‘

One process which coul& be controlled during the deacety-
lation of 191 was attack on the anompric center. The ethoxy-
ethyl -protecting group can be introduced and removed under very
mild conditions178. Accordingly, hemi-acetal-acetate 191 was
treated with ethyl vinyl ether and a catalytic amount of pyri-
dinium tosylate to give a 60% yield of the ethoxyethyl glyco-

side 202 as a gum incorporating at least four sterecisomers.

AcO
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The reaction of 202, instead of taking two hours as reported

‘

for a furanosel’®, was still incomplete after four days.| Fif-

teen per cent of the starting material was recovered untguched.
—

It was immediately obvious, on reaction of 202, that one
of the’ problexhs asspciated with deacetylation had been solved.
All of the deacetylation methods attempted on 202 gave a major
product which was slightly more polar (t.l.c.) than ¥-Cbz-D-
glucosamine (201, p. 109). Treatment with a catalytic e;mount
of barium methoxide, or four equivalents of potassium cyanide
in 95% ethanol at room temperaturel’?®, however, decomposed this
praoduct almost as fast as it formed. The milder conditions of
potassium carbonate (0.5M) in THF, under which the benzyl ester
of a monocycl‘ic B-lactam had been cleaved *.=zuccess“'fx,xlly180 , wera
also evaluated. This reaction proved to be very slow with a
considerable amount of starting materjial still remaining after
five days. The prodiuct 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 invol\{ed
treatment with 50% methanolic ammonja. On a small scale and
after two days at‘ room temperature, the startiné material had
cpmpletely disappeaa:'ed. 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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product in a maximum yield of 50%. The infrared spectrum
showed azide (2110 cm-!), g-lactam (1760 cm~!) and very strong
hydroxyli (3400 cm~!) absorptions plus some aceta.te (1740 cm~1)
bands. The GOMHz lH.m.r. spectrum was not of much help except
. to show that the ethoxyethyl protect:.ng group was still present
_and that most, but not all, of the acetate absorptions had’
disappeared. This provided circumstantial evidence that most )

of the impu;:e material isolated was the desired polyol 203,

AeO
J'('OEQ —-N—t-'-‘-..’

MeOH

Fig. LXIV

At this poir}t we took stock of the difficulties which had
¢ been accumulating as our work progressed. The problem of
intramolecular trans;cetylation could be ‘resolved in a reason-
ably satisfactory manner. But the necessity for protection,
and thus "event{xal»deprotection, of the anomeric hydroxyl, an@

the tendency for the g-lactam to react under the conditions
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required for complete deacetylation,

o

convinced us that, -if

D-~glucosamine was to be the starting material, protecting

., groups other than a&étates should be chosen. At least the

C-3 and C-4 I{ydroxyls should b pro'tected by groups removable

under neutral or mildly acidic conditions in order to study the e

cyclic acetal, such as an isopropylidene, would be comp;tible

with these coﬁditiogxs. Some very recent work by Ojima and his

key step of 3,4~-diol cleavage of the c‘grbohydrate ring. A

. coworkers 135181 jndicates that such a protecting group would

) indeed be advantégeous but for quite another reaso% -

|

2) PhCHO

2) PhCHO

1) H,/Pd
B aaame

1) Hy/Rd
———

N\" H H :

Ph

]
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In the course of their work on the use of g-lactams as °
oligopeptide precurors, Qjima et al hadwaccasion to synthesize
the bis-g-lactams 205 and 207 !3% (fig. LXV, p. 113). They
transformed the separated monocyclic 8~1actams“1§§ and 156,
prepa;ed from teri-butyl ¥-benzylidene-L-alaninate (154, p. )
into the 3-N-benzylideneamino-2-azetidinones 204 and 206, which
were then reacted with azid§§cetyl chloride. In each case, the
bis=azetidinone praauced consisted of only one diastereomer
(205 and 207 respectively). In effect, a rigid cyclic system
(a monocyclic.B-lactém) served as a chiral template to achieve
100% asymmetric induction. This suggests that a cycli; acetal
protecting group on D-glucosamine, a more rigid system than the
tetra-acetylated derivative used in this study, might also lead
to 100% asymﬁetric induction.

In this context, it might be worthwhile investigating the
possible use of pentose synthons since they contain one hydroxyl
group less to protect and deprotect. Among the most readily
available pentoses, three have the correct stereochemistry at
c-3, D4xy1ose, L-arabinose and D-lyxose. Although the 2-amino-
penﬁosﬁg Xpuld h;Qe to beasgnthesized, the additional steps at
the beginning may still be worth the trouble as long as only

one diﬁ7$ereomar is obtainedf
|
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Contributions to Kncwledgg_‘

1

2)

3)

4)

a8 5

6)

This work represents the firsé'asymmetric synthesis

of a bioactive~bicyclic g-lactam antibiotic.

It has been established that asymmetric inductian
occurs during eie&, monocyclic B-lactam formation,
generating two chiral cen@grs simultaneously.

# ’
The stereochgmistry of themmajorAB-Qactam diastereomer
pr?duced by cycloaddition with azidoaﬁeéyl chloride

[v]
was determined. »

some of the factors affectin§ the stereochemical out~-

come of the cycloaddition were stiidied.

It has been demohstrated that racemization of the
carbon glpha to the nitrogen in the stdrting imine
does not occurr during cyc¢loaddition.

~

Ll

The potential of amino sugars, in particular of

D-glucosamine derivatives, as chiral templates for

- t

this cycloaddition was illustrated.
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General Experimental

The azidoacetic acid used to prepare azidoacetic chloride
was generously supplied by Bristol Laboratories of Canada.
NaBH,-Alox?} was prepared using neutral aludmina, Brockman ac-
tivity 1 from Fisher Scientific Ltd, Montreal.

Reagent grade solvents were used throughout unless otﬁ;r-
wise specified. Dry tetrahydrofuran (THF) was achieved qu

refluxing in the presence of sodium and benzophenone, and d4ry

* methanol (MeOH) by refluxing over magnesium. Other dry sol-

vents were oBtained either by standing over molecular sievesl8?
(acetonigrile,'benzene, dichloromethane, ¥,N-dimethylformamide,

hexanes, hexamethylphosphoric triamide and pyridine) .or commer-

+cially (anhydrous ether from Mallinckrodt Chemicals, Montreal,

and ethanol from Consolidated Alcohols, Toronto). Drying of
qrganié solutions dﬁring work-up was accomplished over anhydrous
magnesium sulfate unless otherwise stated.

Solvent evaporation was carried out under reduced pressure
(water aspirator) with a bath temperature of 20° to 30°C.

Ozone was éenerated by a Welsbach Ogzonator.

Analytical thin layer chromatography was carried out on
aluminum-backed sheets, precoated with Kieselgel 60F ¢, 0.2 mm
thick {Merck Co. Ltd., Darmstaét). Column chromatography was
performed by the "flash chromatography” technique as described
by Still et al® on 32 to 63y (400 to 230 mesh) silica gel

ot ——
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(British Drug Housés, Toronto). Semi-preparative, high pres-
sqte liquid chromatography separations were accomplished on a
column (150 x 10 mm) packed with Spherisorb S-10W (Technical
Marketing Associates, Montreal) fitted to either an Altex 300
Liquid Chromatograph with a preparative UV detector, or a
Waters Associates model 440 chromatograph with both UV End
refractive index detectors. %

Melting points (m.p.) were determined in open capillary
tubes on a Bﬂch; SMP-20 and are uncorrected. Optical rotations
were obtained on Perkin—Elmer 110 polarimeters {(sodium vapour
ylamp, D line) in spectrograde sclvents, infrared (i.r.) spectr
on a Perkin-Elmer 29% spectrophotometer, and mass spectra (m.si)
on HP 5984 or LKB 9000 mass spectrometers. Proton magnetic
‘resonance (lH.m.r.) spectra were refﬁrded on Varian T-60, T-60A
or XL~200 ectrometers, using tetr;m;thylsilane (TMS) as

internal stapdard. Chemical shifts are reported on the § scale

in parts-per million (ppm).

b e et o oA A ittt — b M ane

In the !H.m.r. spectra, all apparently simple multiplets

are described as they appeared, and are given chemical shifts

equal to their center position. For more complex coupliqg
patternd (AB, ABX, etc.), each individual peak is listed, while
undefined multiplets (m) are described by their range of

absorption.
Midwest Microlabs, Indianapolis, Indiana, performed the :

elemental analyses. .
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EXPERIMENTAL

CHAPTER 1

Benzyl D-Threonate hydrochloride [(+)-7¢]6% 63

Benzyl bromide (1.3 ml, 1.9 g, 11 mmol) in 5 ml benzene
was added dropwise. to a mixture of BOC-D-Thr §%+183 (77, 2.2 ¢,
10 mmol} and 1,8~diazabicyclo(5,4,0)Jundec~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 diluted with ether (200 ml). After
successive washings with water, 5% citric acid, sat\LNaHCO3 and
brine, the solvent was dried and evapdrated 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 (78) (90% yield) as
a colourless oil (lit.8%: m.p. 40° - 41°C): [a]D23 +12° (c 3,
CHCl;) and +19° (c 8, MeOH) (lit. for BOC-L-Thr-0Bn®%: [al,
-19.6° (c 1, MeOH)}; di.r. (£ilm) v .. ¢ 3440 (OH and NH),
1740 (ester), 1720, 1690, 1500 (urethahe) and 1390, 1365
(tert-butyl) em=}; lH.m.r. (CDCl,) 4: 1.22 (d, 3, 3

B,y

6.5Hz, CHCH3), 1.44 (s, 9H, 0Bu®), 2.93 (bd, 1H, J) g = SHz, ex-
3

changeable, OH), 4.1 - 4.6 (m, 2H, NCACAMe), 5.18 (s, 2H,

OCH,Ph), 5.52 (bd, 1H, J, = 9Hz, exchangeable, NH) and 7.33
?

(s, SH, Ph) ppm; m.s. (EI, 70eV, 65°C) m/e: 265 (0.3, M -

44) , 91 (79) and 57 (100).
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BOC-D-Thr~0Bn (78, 2.8 g, 9.1mmol) was dissolved in 10 ml
of ether (anh.) and added to 10 ml of ether (anh.) saturated

with hydrogen chloride gas. Within 1 min. a white precipitate

.began to form. , The mixture was left at 25°C overnight, then

filtered to give 1.9 g (75% from BOC*D—fhr) of (+)-D-Thr-0Bn.HCl
(74) . Recrystallization from acetonitrile/THF gave white nee-
dles: m.p. 126.5° - 127.5°C (lit. for L-Thr-OBn.HC163: 125°

- 126°C); [al?3 +10° (c 2, EtOH) {lit. for L-Thr-O0Bn.HC16%:
(a]p -11.1° (c 1, EtOH)}; i.r. (KBr) v__ : 3380 (hydroxyl),
3200 - 2500, including 3040, 2850, 2580 ('NH3;) and 1740 (ester)
cm=!; . lH.m.r. (DMSO-dg) &: 1.26 (d, 3H, Jg , = 6Hz, CHCHj),

3.9 - 4.4 (m, 2H, NCHCHMe), 5.23 (s, 2H, OCH,Ph), 5.78 (bs, OH),

7.3 - 7.5 (m, 5H, includes s at 7.40, Ph) and 8.61 (bs, +N33)

’

ppmi

+

Benzyl O-tert-Butyldimethylsilyl-D-threonate [(+)-42]70

Method A

Benzyl D-threonate hydrochloride (74, 0.25 g, 1.0 mmol)
dissolved in 0.5 ml of dry HMPT was added to a mixture of imid-
azole (0.26 g, 3.8 mmol) and tert-butyldimethylsin{ chloride
(0.28 g, 1.9 mmol) in 0.5 ml of dry éQBV“under nitrogen. After

.stirring overnight at 25°C, the mixture was poured into water

(30 ml) and extracted with hexanes (3 x 50 ml). The combined
organic phases were washed with brine (5 x 30 ml), dried and

evaporated to give 0.32g (quant.) of pale yellow oil which was

»
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in future used without further purification. However, for the
purposes of characterization, the oil was, in this case, puri-

fied by chromatography using 50% EtOAc/p.e. ;g\g;vé 0.29 g (90%)
L}

()-82 as a colourless oil; [a] 2% +12° (c 8, CHCl;); i.r.
(film) v .. .: 3400 and 3330 (NH;), 1745 (ester), 1600 (amine) {/

and 1260, 840 (silyl ether) cm<!; IH.m.r. (CCl,) &: =-0.04,

0.04 (2s, 6H, SiMe,), 0.84 (s, 9H, SiBu®), 1.21 (d, 3H, LA
. 3

AN
6Hz, CHCH3), 1.42 (bs, 2H, exchangeable, FH;), 3.15 (4, 1H,

To,8 87 B T

6Hz, CHCH(OSi)Me), 4.79, 4.99, 5.02, 5.22 (ABqg, 2H, Jap™ 12Hz,

= 3Hz, NH,CH(COOR)CH), 4.21 (4 x_ g, 1H, Iy

OCH,Ph) and 7.22 (s, 5H, Ph) ppm; m.s. (EI, 70eV, 20°C) m/e:
324 (0.3, M""+ 1), 266 (14), 159 (36), 91 (100) and 73 (56).

Method B

This method differs from A in the use of 1.3 mmol of tert-
butyldimethylgilyl chloride in DMF which had been dried over
4A molecular sieves for abmut 4 hours. erk-ué gave 0.31 g

\ygllow 0il which contained two major components (t.l.c. CHCl,).
Chromatography.with 40% EtOAc/p.e. gave 0.12 g (34%) of ¥-for-
myl ester §3 and 0.15 g (45%) of the desired gé.

Repetition of this reaction using 1.8 mmol of tert-butyl-
dimethylsilyl chloride in DMF dried over 4A molecular dieves
for 18 hours yielded 64% of 83 and 308 of 82. N-formyl
ester 83 (p. 32): [a]ly?® -3° (c 6, CHCly): di.r. (film) v _ :

max
344q3and 3340 (NH), 1750 (ester) and 1690, 1500 (amide) cm-!:

o a2t e
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4.m.r. (CDCl;) 6: -0.03, 0.03 (2s, 6H, SiMe,), 0.84 (s, 9H,

siBu®), 1.15 (4, 3, J, = 6.5Hz, CHCH;), 4.28 - 4.78 [m, 2H,

B>y

including 4.45 (poss. 4 x q, qxa = 2Hz, JB . 6.5Hz, CHCH(OSi)Me)
» 3 B

and 4.68 (d . g, J .= 2Hz, Jh!xs 9Hz, becomes bs on exchange,

’ a,8

NHCH(COOR)CH)], 4.89, 5.09, 5.11, 5.31 (ABq, 2H, Jan™ 12 Hz,

OCH,Ph), 6.65 (d, 1H, J, = 9Hz, exchangeable, ¥&), 7.33 (s, 5H,

N,a
Ph) and 8.26 (bs, 1H, CHO) ppm; m.s. (EI, 70eV, 25°C) m/e: 352
( 0.2, M7 + 1), 307 (4, M - 44), 294 (38), 159 (75) and

73 (100) .

Y

Benzyl O-tert-Butyldimethylsilyl-¥-cinnamylidene-D-threonate

(88) 5

The silylated amino-ester (+)-8% (3.2 g, 10 mmo) and distilled
trang-cinnamaldehyde (1.4 ml, 1.4 g, 11 mmol) were dissolved in
30 ml of dry CH,Cl,;. Using a modified Dean-Stark apparatus
filled with 3A molecﬁlarcaieves, the mixture was refluxed for
1 hour, then stirred in the presence of MgSO, (anh.) at 25°C
for another hour. tiltration and avaporation of the solvent

gave Schiff base 388 'as a yellow oil: i.r. (CH2Clp) v : 1745

(ester), 1680 (excess aldehyde), 1635 (a,g=~unsaturated imine)

1

and 1615 (sh, conjugated C=C) cm ~; !H.m.r. (CDCl;) §: =0.03,

0.03 (28, 6H, SiMe;), 0.81 (s, 94, Sisu®), 1.15 (4, 3§, 3, =
»

g™ 8Hz, c~uca(c5§n)cn), 4.21

= 6.5Hz, CHCH(OSi)Me), 4.99, 5.19,

G-SBZ, CHCHg), 3076 (dy lH’ Ju
>

(d x q, lH’ Jq’a' BHZI’- JB,Y

5.21, 5.41 (aBq, 2H, JAB- 12Hz, OCHy3Ph), 6.96 (app. d, 2H,
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J = 4.5Hz, CHCH=CHPh), 7.3 - 7.6 (m, lbﬂ, includi s at 7.33,

2x Ph) and 7.95 (app. t, 1§/ J = 4.5Hz, N=CHCH=CH) ppm. >

g-Lactams (-)-§9 and (+)=-903% 51

Schiff base g8 (10 mmol) was dissolved in 40 ml of dry
CH,Cl, and cooled under nitrogen in an ice-salt bath (-15°C) . .
Distilled NEt, (1.8 ml, 1.3 g, 13 mmol) was added, followed by
the dropwise addition, over 60 minutes, of a solution of azido-
acetyl chloride!3! (1.1 ml, 1.4 g, 12 mmol) in 10 ml of dry
CH,Cl,. Stirring was continued at ice-salt bath temperature
(-15° to -10°C) another 0.5 hr. The mixture was diluted with
hexanes (100 ml), filtered, then washed with brine, 5% HCl (2 «x
50 ml), sat. NaHSOj;, sat. NaHCO; and once more with brine.
Drying and evaporation gave 4.8 g of orange oil which contained
two major compocnents as determined by t.l.c. (25% EtOAc/p.e.). '

This crude oil was divided into two portions. Flash’
chromatography of each portion, and then of the resulting mixed
fractions using 1000 ml of 20% EtOAc/p.e., fol%gwed by 1000 ml
of 25% EtOAc/p.e., yielded 3.3 g (63% from 74) of mixed g-lac-
tams g9 and 90 and 1.1 g (27%) of amide 91. Analysis of the
mixed é-lactams by HPLC (waters 440, micro-silica analytical
column, MeOH/EtOAc/hexanes (0.1:5:95), 3.0 ml/min) showed a
ratio of major, less polar g-lactam (-)-§9 to minor, more polar

g-lactam (+)-99 of 88:12, with retention times of 5.5 and 6.5

min. respectively. Separation on a semi-preparative scale

e — e ot o i
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(Altex, 23 x 25 p.s.i., = ll ml/min.) gave the following two
diastereomers with retention times of 4.4 and 5.6 min. respec;

tively: major g~lactam (-)-gg:' [a]D23 -150° (¢ 2.5, hexane)

and ~130° (¢ 3, CHCl,); i.r. (film) Vmax® 2100 (azide), 1775

(g-lactam), 1740 (ester) and 1650 (ArC=C) cm-!; 200MHz 'H.m.r.

st

(CDC1l,) 6: =0.11, =-0.04 (2s, 6H, SiMe,), 0.76 (s, 9H, SiBu),

1-25 (d' 3H, J ol 6.3HZ, chys)’ 4042 (d, lH’ JQ = 3.9“2,

B,y 2B

NCH(COOR)CH) , 4.52 (d x q, lH, I, g™ 3-98z, I = 6.3Hz,

CHCH(OSi)Me) , 4.84, 4.87 (app. d, Y of a poss. ABXY pattern, 1H,

Jyy = 5.3Hz, < 1Hz, H-3), 4.89, 4.92, 4.93, 4.96 (app. d x

XY Jpy

d, X of ABXY, lH, J = 5_.3Hz, H~4), 5.02, 5.08,

= 8.8Hz, JXY

= 12Hz, OCH,Ph), 6.17, 6.21, 6.25, 6.29

BX
5.24, 5.30 (ABq, 2H, J,5

(app. d x 4, B of ABXY, 1H, J = 16Hz, J = 8.8Hz, CHCH=CH) ,

BX
= l6Hz, J

AB

6.56, 6.64 (app. 4, A of ABXY, J < 1Hz, CH=CHPh)

AB AX
and 7.25 - 7.45 (m, 10H, 2x Ph) ppm; m.s. (EI, l6eV, 87°C) m/e:
492 (5, M- 28), 438 (2), 437 (11), 436 (28), 435 (89) and 102
(100) ; Anal. calcd. for CpgHsgN,0,Si: C 64.59, H 6.97, N 10,76;
gound: C 64.37, H 7.07, N 10.65;

minor g-lactam (+)-90: [a]??® +80° (c 1.5, hexane) and +40°

(c 2, CHCl3); i.r. (film) Vmax® 2100 (azide), 1770 (p-lactam),

1750 (b sh., ester) and 1650 (ArCsc) cm-!; 200MHz lH.m.r.
(CDCl3) 6: =0.07, 0.07 (2s, 6H, SiMe,), 0.85 (s, 9H, Sisu®), .-
= 6.4Hz, CHCHj), 4.44 (d, 1H, I = 3.4Hz,

B’ 3.4Hz,.%’Y= 6.4Hz,

CHCH(OSi)Me) , 4.77, 4.79, 4.81, 4.83 (app. 4 x d, X of a poss.

1.21 (4, 3H, JB,Y

NC’H(COOR)CH), 4.62 (4 x q. 1H' J(l
- £

ABXY pattern, 1H, J = B8.8Hz, J

' xY E ] 5.2Hz, H-4), 4;88’ 4-91

BX
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(app. 4, Y of ABXY, 1lH, J = 5 2Hz, < lHz, H-3), 5.07 (s,

XY Ipy
2H, OCH,Ph), 6.25, 6.30, 6.33, 6.38 (app. d x d, B of ABXY, 1H,

Jap

ABXY, 1lH, J

= 1l6Hz, J = 8.8Hz, CHCH=CH), 6.54, 6.62 (app. d, A of

BX
= 16Hz, J < 1lHz, CH=CHPh) and 7.2 - 7.6 (m, 1O0H,
&

AB AX
2< Ph) ppm; m.s. (EI, l6eV, 75°C) m/e:' 492 (5, M'" - 28), 438
(2), 437 (8), 436 (25), 435 (76) -and 91 (100)

Amide (~)-91 was further purified by chromatography with
25% EtOAc/hexanes to give a colourless oil: [h]D23 -12° (c 2.3,
CHCl3); i.r. ifi}m) Vmax? 3420 and 3320 (NH), 2110 (azide),
1750 (ester) and 1690 and 1520 (amide) em™!; !H.m.r. (CDCl,)
§: -0.03, 0.05 (2s, 6H, SiMe,), 0.87 (s, 9H, siBu®), 1.19 (4,
3H, J, = 6.5Hz CHCH3), 4.03 (s, 2H, N3CH,CO), 4.3 - 4.7 (m, 2H,
NHCHCHMe) , 4.96, 5.16, 5.17, '5.37 (ABq, 2H, Jpp = 12Hz, OCH,Ph),
6.99 (bd, lH, & = 9Hz, exchangeable, ¥H) and 7.35 (s, 5H, Ph)
ppm; m.s. (EI, 70eV, 69°C) m/e: 363 (0.2, M'" - 15 - 28), 349
(2, ¥** - 57), 159 (20) and 91 (100); Anal. caled. for
Ci9H3oN4O4Si: C 56.13, H 7.44, N 13.78; found: C 56.18,

H 7.68, N 14.00. ) -

Aldehyde 92 and a,g-Unsaturated Ester 94

Ozone (~7 mmol/hr.) was bubbled for 20 min. through a
solution of mixed s-lactamg 89 + 90 (0.52g9, 1.0 mmol) in 50 ml

of dry CH,Cl,, previously cooled under nitrogen to -70°C. Ex~

' cess O3 was removed by bubbling nitrogen for 5 min. Dimethyl

sulfide (1 ml) was then added, the mixture warmed to R.T. (about

-
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2 hr.), concentrated, taﬁen up in p.e, (50 ml) and washed with
brine (5 x 20 ml). Drying and so;yent evaporation gave 0.56 g
of reddish oil the !H.m.r. spectrum (CDCl;) of which contained
no olefinic prétons (6§ = 6 - 7 ppm) and indicated the presence
of benzaldehyde, plus the éesired aldehyde 92, § = 9.6 ppm.(dﬂ
1H, J = 4Hz). |

Because this aldehyde was presumed to be unstableS!:53 , it

]

was immediately treated with NaBH, (0.2 g, 0.6 mmol) in drcy THF ;

(10 ml) at 0°C for 1.5 hr. This solution was acidified with 5%
acetic acid, diluted with 56% EtOAc/p.e. and washed with sat.
Naécoa and brine. Drying and solvent evaporation yigided 0.45 g
of red oii. Chromatography (900 ml of 30% EtOAc/p.e. followed
by 300 ml of 50% EtOAc/p.e.) yielded 0.13 g (288%) of primary
alcohol 93 (see next procedure p. 126) and 0.10 g (32%) of the
a,B-unsaéurated ester 94 which was further ﬁurified by prepara-

tive t.l.c. with 40% EtOAc/p.e.: i.r. (£ilm) v 3460 (OH),

max®
2110 (azide), 1770 (s-lactam), 1720 (a,B-unsat. ester) and 1650

(C=C) em~!; I!H.m.r. (CCl,) §: 1.83 (d, 3H, J, = 7Hz, C=CCH;),

B,y
2.93 (bs, 1H, exchangeable, OH), 3.68 (bd, 2H, Jy, 5= SHz,

CHCH,0H) , 4.28 (app. q, 1H, Jj 4 = Jy s= 5Hz, H~4), 4.69 (4, lH,

JS,“' SHZ' H"‘B), 5-11 (S, ZH, OCEZPh)' 6083 (q' al J Ya 7Hz,

8,
C=CEMe) and 7.27 (s, 5H, Ph) ppm."
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B o
Primary Alcohol (-)-9391.93

A solution of the major B-lactam (-)-8¢ (3.0 g, 5.7 mmol)
in 5:1 CH,Cl,/MeOH (60 ml) was cooled under nitrogen in a dry-
ice/acetone bath (~70°C). Ozone (~36 mmol/hr,)  was bubbled
through the solution until the characteristic blue coiour ap-
peared (25 min.), and the excess removed by bubﬁling nitrogen
for 5 min. NaBH,-Alox%3 L4.o g) was added and the suspension
allowed to warm to R.T. u;der nitrogen with stirring (about
2.5 hr.), when it was poured into pH = 4 buffer (25 ml) and
separated. The organic phase was washed twice more with buffer,
filtéged, then concentrated and the resulting yellow oil taken
up in p.e. (100 ml) and extracted with water (10 x 20 ml) fo
remove the benzyl alcohol. Drying, solvent évaporatiSn and -.
flash chromatograpﬁy);33% EtOAc/hexanes) yielded 2.3 g (90%) of
(-)-93 as a colourless oil: [a] 23 -158° (c 4, CHCl;); i.r.

(fi}m) v ¢ 3460 (hydroxyl), 2115 (azide), 1770 (B-lactam) and

max

1740 (ester); !H.m.r. (CDCly) &: 0.02, 0.08 (2s, 6H, SiNe,),

0.85 (s, 9H, SiBu®), 1.30 (4, 3H, 3,

1H, Js,s“ 7Hz, exchangeable, 0F), 3.93 (d x d, 2H, mu5 = 4H;,

= GHZ' —CHCHa), 2#90 (t,

Js ¢ = 7Hz, becomes bd, Jy 5= 4ﬁz, on exchahge, CHCH,OH) , 4.2 -
4.6 (m, 3H, NCHCEMe and H-4), 4.73 (d, 1H, Jy , = 5Hz, H-3), \

|
4
= 12H2, OCH,Ph) and 7.32 X&

4,85, 5.05, 5.15, 5.35 (ABg, 2H, J
° ]

AB

m.s. (CI/IB, 58°C) m/e: 449 (100, (M + 1)7),

a
-

421 (30), 391 (40), 357 (41)" and 109 (75); Anal. calcd. for

C21H32N“055i2 _C 56-23, H 7.19, N 12.497 found: Cc 56-96,

e
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: 511 (0.2, M+. - 15), 469 (8), 441 (4), 159 (29) and 91 (100);
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H 6.94, N 12.52. \

Mesylate (~)-94%

To a cooled. (-15°C) solution of primary alcohol (-) -.é_i
(2.0 g, 4.5 mmol) and NEt,; (0.8 ml, 0.6,g, 6 mmol) in dry j
CH,C1, (20 ml) under nitrogen, methanesulfonyl chloride (0.42 mi1,
0.62 g, 5.4 mmol) was added dropwise over 15 min. The solution
was stirred at ~15° to -10°C for 3lhr. when t.l.c-.»(25% EtOAc/
P.e.) showed no more starting material. Dilution with hexanes

(100 m1), washing with sat. NaHCO,, 5% HCL and brine (twice),

drying and evaporation of solvent g&ve 2.3 g of (-)-g6 as-a pale -

yellow oil (95% crude). For characterization purposes,” a small
portion was further purified by chromatography with 33% EtOAc/

p.e.: [a1023 -113° (c 2.6, CHCl,); ‘d.r. (film) VY max’ 2110

(azide) , 1780 (8-lactam), 1740 (ester) and 1360, 1175 (gul-
fonate) cm~l; lH.m.r. (CDCl;) &: 0.03, 0.10 (2s, 6H, Sis,),

0.87 (s, 94, siBx®), '1.20 (4, 3H, 3, = 68z, CHCH;), 3.03 (s,

3H, 0SO,CH,y), 4.2 - 5.37 [m, 8H, including 4.87, 5.07, 5.17,

5.37 (ABq, J,, = 12Hz, OCH,Ph), NCHCHMe, H-3, H-4, H-5 and .

AB
OCH,Ph] and 7.32 (s, SH, Ph) ppm; m.s. (EI, 15eV, 70°C) m/e:

' CI/IB, 25° to 110°C) m/e: 527 (31, (M + 1) anda 403 (100);

Anal. calcd. for C,pHq,N,O0788i: C 50.17, H 6.51, N 10.64;

"foundr C 49.71, H 6.46, N 10,35.

L4
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Secondary Alcohol yt-)~-97

D}esylate (47/—9__6: (2.0 g, 3.8 mmol) was digsolved in 4.0 ml
of 95% trifluoracetic acid and stirred at 25°C for 45 min. when
5;1 ether/CH,Cl, (30 ml) and ice were added. The agueous layer
was washed once with the above solvent, and the combined organic
phases washed éarefully with cold 4% NaHCOj3; until the washes
remained basic, then washed once more with brine, dried and
evaporagéd yielding 1.4 g (90% crude) of an off-white solid.
iCrystallization £fom.CH,Cl,/CCl, gave 1.3 g (82%) of (-)-97 as
a white crystalline solid: m.p. 99.5° - 100.5°C; [c]ﬁ” -112°
(¢ 2, CHCl3); i.r. (CH,Cl,) Vnax ' 3600, 3400 (OH), 2110 (azide),~

1760 (e-lactém), 1,740 (ester) and 1360, 1175 (sulfonate) cm™!l;

lH.m.r. (CDCly) &: 1.22 (d, 3H, J, _= 6.5Hz, CHCH3), 2.92 (s,

8,y

3H, OS0,(CH3), 3.38 (bd, 1lH, J, ,= 7Hz, exchangeable, 0#), 4.1 -

0,8
4.6 (m, SH, NCHCHMe, H~3, H-4), 4.87 (d, lH, J3 .= 4.5Hz, H=3),
5.19 (s, 2H, OCHZ‘Ph) and 7.32 (s, 5H, Ph) ppm; m.s. (EI, léeV,
72°C) m/e: 368 (1, M'' - 44), 288 (2), 149 (13) and 91 (100) ;
(CI/IB, 35° - 133°C) m/e: 289 (56) and 220 (100); Anal. calcd.
for G1eHzoN407S: C 46.60, 1 4.89, N 13.58; found: C 46.71,

H 4.50, N 13.07.. -

gJB-UnSaturated Ester 99

Secondary alcohol {-)~37 (0.89 g, 0.22 mmol) was added to
2.0 ml of 3:1 DMSO/acetic anhydride (both freshly distilled) and

stirred for. 16 hours at room temperature. Three products were

N
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detected by t.l.c. (50% EtOAc/p.e.), all less polar than tﬁe
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, enol 72 (see proce-
dure p. 130) but none of it was recovered after chromatography
with 50% EtOAc/p.e. followed by EtOAc and then,MeOH. The major
component of intermediate polarity was isolated in 59% yield
(50 mg) and identified as the a,8~unsaturated ester 99:

max
urated ester, 1650 (conjugated olefin) and 1360, 1175 (sulfonate)

i.r. (£ilm) v__: 2110 (azide), 1770 (8-laétam}, 1720 (a,B-unsat-

em~!; l!H.m.r. (CDCl;) 6:.- 2.00 (d, 3H, T, _= 6.5Hz, C=CHCH3),

B,Y
2.99 (s, 3H, 0SO,CH3), 4.3 - 4.8 (m, 3H, H-4 and H-5), 4.98 (4,
14, J3,4 = SHz, H-3), 5.23 (s, 2H, OCHyPh), 6.82 (g, 1H, sz,s

b
6.5Hz, C=CHCH3) and 7.37 (s, SH, Ph) ppm.

Secondary Alcohol (+)-100

Amide (-)-91 (0.2l g, 0.50mmol) was dissolved in 2 ml of
95% trifluoroacetic acid and stirred at room temperature for 15
min. when t.l.c. (60% ptOAc/p.e.) indicated that the reaction
was complete. The mixture was diluted with ether and washed
once with Brine, three times with sat. NaHCO3 (until extracés )
remained basic) and once more with brine. The combined aqueous
fractions were back-extracted with ether (twice), and the com-
bined ether extracts dried and concentrated in vacuo to a beige

solid. Recrystallization from CH;Cly/p.e. yielded 0.11 g (75%)

aea?
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of (+)-100 as a white crystalline solid: m.p. 99° - 100°C;

[m]DZ'3 +5.5° (c 1, CHCly); i.r. (KBr) v___: 3450 (H-bonded OH),

max
3300 (NH), 2100 (azide), 1710 (H-bonded ester) aqd 1655, 1550

(amide) cm™!: lH.m.r. (CDCl;) &: 1.21 (4, 3H, Jg,y= 6.5Hz,
CHCH3) , 2.28 (bs, 1H, exchangeable, OF), 4.03.(9, 2H, N3CH,CO) ,
4.2 - 4.8 [m, 2H, including 4.40 (poss. d x q, Jg,g= 3HZ, Jg =
6.5Hz, CHCH(OH)Me) and 4.64 (d x d, Jy o= 9Hz, Jg g= 3Hz,
NHCH(COOR)CH], 5.22 (s, 2H, OCHPh), 7.01 (bd, lH, Jy o= 9H,
exchangeable, NH) and-7.38 (s, 5H, Ph) ppm; m.s. (EI, 15ev,
49°C) m/e: 292 (0.6, M'"), 248 (16), 148 (100) and 91 (§1).

Enol 725}

Jones reagent®® (0.21 ml, 0.56 mmol) was added dropwise
pver 10 min. td a cold (=15°C), st%rred suspension of secondary
alcohol (-)-97 (0.21 g, 0.51 mmol) in 3 ml Qf a;etone (spectro-
grade) and celite (0.2 g). The low temperature bath was then
changed for one which was kept at 17° to 19°C throughout the
remainder of .the 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, stirring continﬁed for 10 min. gnd the
ether decanted. This progedure was repeated twice for 5 min.
aach time and the last extract filtered.

The combined ether fractions were Qésbed with brine. The
enol was then extracted into ice-cold 4% Na,COj3 (2 x 10ml +

5 ml). &T.l.c. later indjicated that all the enol had been ex-

’
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tracted in the first fraction.) Each basic fraction was IMMEDI~ *
ATELY poured into enough ice-cold 10% HCl (7 ml or 3.5 ml) to
neutralize the base, and these combined aqueous fractions were

extracted with CHy,Cl, (4 x 75 ml). Washing of the combined

watt B e b Oy p

CH,Cl, fractions with brine, drying and evaporation gave 0.12 g
(56%) of 72 as a clear, very pale yellow oil which was always

used for thé next reaction as soon as possible: i.r. (film)

R 35

Vmax' 3350 (weak, OH), 2110 (azide), 1780 (B-lactam), 1660
(enol form, B-keto-ester) and 1620 (enolic olefin) cm1;
H.m.r. (CDCl,;) 6: 2.08 (s, 2.6H, C=CCH;, enol form) and 2.28
(d, 0.4H, J = 2Hz, CHCOCH3, keto form), 2.91 (s, 3H, 0S0,CHj;),
4.1 - 4.5 (m, 3H, H-4, H-5), 4.8 (4, 1H, J3 4= 4.5Hz, H-3),
5.24, 5.26 (2s, 2H, OCHzPh):\Y<3;>(B, SH, Ph) andN12.3 (bs,

< 1lH, enol OH) ppmn.

i F e

The combined ether fractions were washed with brine, dried
and evaporated to give 75 mg (35% recovery) of the starting

alcohol (-)=-97 which could then be recycled.

< }

[65~(6R*, 7TR*) ] ~-Benzyl 78-Azido~3-methyl-a3-0-2-isocephem~4-

carboxylate [(-~)=-73]5!

Enol 72 (0.12 g, 0.29 mmol) and NEt3 (50 ul, 0.35 g, 0.35
mmol) in 15 ml dry CH,Cl, were refluxed for 3 hours. After
cooling, the reaction mixture was washed with brine (2 x S ml),
4% HC1 (2 x 5 ml) and brine, dr;gd and evaporated to give 80 mg
(89% crude) of the azido-(¢-2-isocephem (-)-73 (50% from secon-

al m e e e e a1




A e e B wn g e e e

7™ dary alcohol (~)-97). A total amount of 0.26 g (73%) of crude
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(=) =73 was eventually obtained from 1.1 mmol of (=)~27 by re-
cycling the recovered starting material. Purification By/chro-
matography (24% EtOAc/hexanes) gave a clear syrup (0.22 g, 63%):
[a]j23 -22° (c 2.4, CHCla);l ir. (£ilm) v . ¢ 2110 “(azide),
1780 (g~lactam), 1715 (a,B-unsaturated ester) and 1615 (vinyl
ether) cm-l: IlH.m.r. (CgDg) §: 2.18 (s, 3H, CHs), 2.93 (d x
d x d, 1H, Jiq,¢ = 4HZ, Jy5 ¢ = 9Hz, Jg ;= 5Hz, H-6), 3.39 (4 x d,

lH, Jlu,ls = lon' JIB,S = 9“2, H-ls) ’ 3»91 (d x d' lH, JIQJIB =

10Hz, Ji4 ¢ = 4Hz, H-lo), 4.30 (d, 1H, Jg,7 = SHz, H-7), the mul-
tiplets between 2.78 and 4.34 have the 03erall appearance of an
AMNX pattern, 5.19 (s, 2H, OCH,Ph) and 7.1 - 7.5 (m, 5H, Ph) ppm;
For comparison with Doyle et ai5!': I!H.m.r. (CDCl,) &§: 2.23 (s,
3H, CHy), 3.4 - 4.2 [m, 2H, including 3.98 (app. t, Jyq ;g =
Jig,6 = 94z, H-1g), H-1g, H-6], 4.56 (d x d, 1H, Jy, 3 = 9Hz,
Jia,6 = 3Hz, H-la), 5.16 (d, 1lH, Jg,7= 4.5Hz, H-7), the multi-
plets between 3.38 and 5.20 appear to be An AMXY pattern, 5.28
(s, 2H, OCH,Ph) and 7.2 - 7.4 (m, SH, Ph) ppm; m.s. (CI/IB,
70°C), m/e: 315 (100, (M + 1)¥) and 289 (50); Anal. calcd. for

CISHU&NI"OH: C 57.32, H 4.49, N 17,837 found: C 56.85, H 4.54,

[

N 17.61.

[6S~(6R*, 7R*) ] -Benzyl 78-Amino-3-methyl-a3-0-2-isocephem-4-—

carboxylate (107)5!

A suspension of azido-0-2-isocephem (-)-73 (0.19 g, 0;60
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mmel) and PtO; (92 mg) in 32 'ml absolq;e ethanol was hydro-
genolysea at atmospheric pressure for 20 min. Piltration
through celite and evaporation gave 0.17 g of dark brown resin
which was taken up in ether (30 ml) and extracted into cold 10%
HCl (3 x 10 ml). The combined aqueous phases were make basic
with cold dilute NH,OH. Re-extraction into CH,Cl,; (5 X\§O ml),
washing once with brine (10 ml), dryiné'and evaporation yielded
0.13 g (77%) of 107 as a light yellow resin: i.r. (CHCl;)

Viax 3400, 3350 (NH,), 1770 (B-lactam), 1710 (a,B-unsaturated
ester) and 1615 (vinyl ether) ecm-!: lH.m.r. (CDClj3) 6: 1.70
(bs, 2H, exchangeable, ¥H,), 2.27 (s, 3H, CH3), 3.4 - 4.7 [poss.
ABXY pattern, 4H, including 3.58 (d x d x 4, Jig,6 = 3.5Hz,
Jig,6 = 10Hz, J¢ 7= 4.5Hz, H-6), 3.93 (app. t, Jiq,18 = Jig,6 ™

lon, H"'l/B)' 4.45 (d X d, JIGJIB = lon, Jla’sg 3-5H27 H‘lc) and

4.69 (4, J,7 = 4.5Hz, H-7)], 5.25 (s, 2H, OCH,Ph) and 7.2 - 7.6

(m, SH, Ph) ppm.

2

[68-(6R*,7R*)]-Benzyl 3-Methyl-78-phenylacetamido-a3-0-2-iso~

3

cephem-4-carboxylate [(+)=-108]51:5%

Amino-a-;fisocephem 1215(0.13 g, 0.46 mmol), phenylacetic
acid (69 mg, 0.51 mmol) and EEDQ (0.14 g, 0.56 mmol) were dis-
solved in dry CH;Cl, (20 ml) and stirred at 25°C overnight. The
mixture was worked-up by washing with 1% NaHCO; (2 x 10 ml), 4%
HCl (2 x 10 ml) and brine, dried and conceafiated in vaecuo.
Chromatography (50% EtOAc/p.e.) yielded 0.15 g (80%) of amido-
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0-2-isocephem (+)~-108 as a white, amorphous sflid: m.p.
(sealed tube) 52° - 53°C (partial gublimation ~ 42°C); [u]D23
+154° (c 0.6, CHCl3); i.r. (CHCl3) v .. :- 3320 (NH), 1760
(8~lactam), 1710 (a,B8-unsaturated ester), .1680, 1520 (amide)
and 1610 (vinyl ether) cm-!; l!H.m.r. (CDClj3) 6: 2.25 (s, 3H,
CH;), 3.48 (s, 2H, PhCH,CO), 3.6 - 4.7 (m, 3H, H-1, H-6), 5.21
(s, 2H, OCH,Ph), 5.44 (4 x 4, 1H, Jg, 7= 44z, J; 9= THz, becomes
d, J¢,7 = 4Hz,-on exchange, H-7; and 7.3 - 7.5 (m, 1l1lH, inclu-
ding 2s at 7.23 and 7.38, 2; Pr and ¥H) ppm; n.s. (CI/IB, 36°

- 135°C) m/e: 407 (10, (M + 1)7) and 232 (100).

[6S=-(6R*,TR*) ] -3-Methyl-78-phenylacetamido~43-0-2-igsocephem-4-
)

carboxylic acid [(+)-7gJ%1> 3

To a mixture of amido-0-2-isocephem (+)-108 (0.13 g, 0.32
mmol) in 7 ml of dry THf and 10 ml of absolute EtOH 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 yvellow mixture of solid and syrup
which was dissolved in about 1 ml of CH,;Cl,. Petroleum ether
was added slowly, with scratching, until a solid appeared. Ad-
ditio; of p.e. was continued (total of 50 ml) until t.l.c. (EtOQAc)
indicated that no more product was present in solution. The
organic layer was removed and the procesé repeated with hexanes
to give 96 mg (94%) of an off-white solid. Recrystallization of

this product from acetone/ether/hexane gave the (0-2-isocephem

s
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.

(+)-70 as a white powder: m.p. 9% - 105°C (dec.); [a] 23

%

+157° (c 1.1, acetone); i.:c 5’vm : 3600 - 2500 (COO~H),

1755 (B-lactam), 1685 (sh, njt;gated carboxylic acid), 1660,
1530 (amide) and 1610 (vinyl ether) c¢m~!; 200MHz 'H.m.r.
(;mso-d‘e) §: 2.15 (s, 3H, CH;), 3.46 (s, 2H, PhCH,CO), 3.75
(d x4 = d, 1H, Jiq,6 = 3.8H2, Jyp 6= 10.0Hz, Jg 7= 4.9Hz, H-6),

. 3.92 (4 x d, 1H, Jq,18 = 10.4Hz, Jip¢ = 10.0Hz, H-18), 4.41
(@ x d, 1H, Jiq,18 = 10.4Hz, Ji4,¢ = 3.8Hz, H-la), 5.52 (d x d,
1H, J¢,7 = 4.9H2, J; 9= 8.5H2z, H~7), 7.1 - 7.4 (m, S5H, inclu-
ding s at 7.26, Ph) and 8.82 (d, 1H, Jy,¢= 8.5Hz, NH) ppm;
m.s. (CI/IB, 105°C) m/e: 317 (4, (M + 1)), 273 (12), 176
(67) and 142 (100); Anal. calcd. for C;gH;gN205: C 60.76,

H 5.10, N 8.86; found: C 60.66, H 5.30, N 8.96.

¥

m e g - . gt
B T -



136

EXPERIMENTAL

CHAPTER 2

tert-Butyl N-Benzyloxycarbonyl~-D-threonate [(+)-178]112.,124

A suspension of distilled tert-butanol (1.0 g, 13 mmol),
DCC (2.7 g, 13 mmol) and cuprous chloride (40 mg) was stirred
under nitrogen at 26°C for 5 days. The volume of the mixture
gradually reduced until, by the last day, it Qas too viscous to
stir. An infrared spectrum of this mixture showed an intense
peak at 1660 cm~! (isourea and/or urea) while there was only a
very weak peak remaining at 2110 cm™' (N=C=N).

Dry CH,Cl, (10 ml) and HMPT (2 ml) were added, the mixture
was cooled in ice and then Cbz-D-Thr!2! (116, 0.96 g, 3.8 mmol)
in 10 ml of CH,Cl, 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,
sat. NaHCO; and brine, drying and concentration in vacuo gavet
1.1 g of a yellow oil which contained two components (t.l.c.,
25% EtOAc/hexanes). The major component was the less polar one.

Chromatography of the oil, using 1000 ml of 35% EtOAc/hex-
anes followed by 1000 ml of 40% EtOAc/hexanes, and rerunning
the mixed fractions on a smaller column, yielded 0.64 g (54%)

of (+)=-118 as a white solid and 0.16 g (15%) of an oil later
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identified as dimer 119. A small portion of (+)-118 was recrys-
tallized from ether/p.e. to give Eolourless needles: m.p. 65,5°
- 66°C (lit.!?6: m.p. 66° - 67°C); [a]p23 +7.5° (c 2, CHCly)
and' +20° (c 0.6, EtOH) {1it.!26 :- [a] 26 -20.6° (c 1.07, EtOH)};
i.r. (film) Vmax’ 3440, 3360 (OH and NH), 1740 (sh, ester),
1730, 1710, 1530, 1520 (urethane) and 1390, 1365 (tert-butyl)
cm~!; lH.m.r. (CDCly) &: 1.16 (4, 3H, Jz ,= 6.5Hz, CHCH3), 1.41
(s, 9H, COOBut), 2.85 (bs, 1H, exchangeable, 0H), 4.0 - 4.? (bad,
2H, J = 8Hz, becomes m on exchange, NHCHCAMe), 5.09 (s, 2H,
OCH,Ph), 5.56 (bd, 1H, J = 8Hz, exchangeable, ¥¥) and 7.37 (s,
SH, Ph) ppm; m.s. (EI, 70eV, 32°C) m/e: 265 (3, M~ - 44),
209 (13), 91 (l00) and 57 (35); Anal. calcd. for C;gH,3NOj5:
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 119 (p. 56'): i.r. (film)

v s 3430, 3340 (NH and OH), 1750 - 1690 (ester and urethane),

max
1520 (urethane) and 1390, 1365 (tert-butyl) cm~!; IlH.m.r.

(cDCl,) 6: 1.16 - 1.32 [2d, 6H, J = 6.5Hz (& = 1.2l ppm) and
J = 7Hz (6§ = 1.26 ppm), CH(OH)CH3; and CH(OCOR)CH31, 1.44 (s, 9H,
COOBut), 2.86 (bs, lH, exchangeable, Oﬂ), 4.0 - 4.6 (m, 3H, 2x
NHCHCH, CHCH(OH)Me), 5.13 (s, 4H, 2x OCH,Ph), 5.3 - 5.8 [m, 3H,
including 5.44 (d x q, J = 3Hz and 7 Hz, CHCH(OCOR)Me)-and 5.65,
5.75 (2d, each J = 9Hz, 2x NACH)] and 7.33, 7.35 (2s, 10H, 2x
Ph) ppm; m.s. (EI, 70eV, 150°C) m/e: 444 (3, M = 87 - 43),

“
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399 (2), 309 (1), 247 (8), 91 (100) and 57 (28).

tert-Butyl D-Threonate (113)!27

Cbz-D-Thr-0Bu® [(+)-118, 0.50 g,‘l.S mmol) wag dissolved
in 6 ml cyclohexene and 10 ml absolute EtOH, 10% P4-C (0.13 g)
was added and the mixture refluxed for 2 hours. Filtration of
the cooled solution through celite, and removal of the solvent
in vacuo yielded 0.22 g (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 g (54%) of 1J3 as an oil:
i.r. (film) v, : 3370, 3300 (OH and NH)), 1730 (ester), 1590
(amine) and 1390, 1365 (tert-butyl) cm~!; IlH.m.r. (CDCl,) $:
1.24 (4, 38, Jg, = 6Hz, CHCHy), 1.51 (s, 9H, C00Bu®), 2.24 (bs,
3H, exchangeable, NH, and OF), 3.14 {bs, 1H, NH,CH(COOR)CH) and
3.80 (app. bp, 1lH, Jo,8= Jg,y = 6Hz, CHCH(OSi)Me) ppm.

?

tert-Butyl O-tert-Butyldimethylsilyl-D-threonate [(+)=120170

tert-Butyl D-threonate (113, 0.23 g, 1.3 mmol) in 2 ml of
dry HMPT was added to a mixture of imidazole (0.29 g, 4.2 mmol)
and tert-butyldimethylsilyl chloride (0.30 g, 2.0 mmol) in 0.5
ml of dry HMPT under nitrogen, and stirred/at room temperature
for {8 hours. The resulting orange sgmutfgn was poured into
30 ml of brine and eitracted with 1:1 ethetr/hexanes (4 x 50 ml)
which were then concentrated and partitioned between'a total of

100 ml hexanes and 30 ml water. The two phases ware separated
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and the organic phase washed tioroughly with brine (10 x 10 ml),
dried and evaporated to give 0.38 g of an oil. Chromatoéraphy
with 55% EtOAc/hexanes yielded 0.29 g (75%) of pure (+)-120:
[u]D23 +16° (c 3, CHCl3); d.r. (film) v . : 3380, 3310 (NHz),
1730 (ester), 1590 (amine), 1390, 1365 (tert-butyl) and 1255,
835 (silyl ether) cm™!; !H.m.r. (CDCl3) 6: 0.0l (s, 6H, SiMep),
0.82 (s, 98, SiBx®), 1.19 (4, 38, Jg,y = 6Hz, CHCH3), 1.43 (s,
9H, COpBut), 1.89 (bs, 2H, exchangeable, NH;), 3.10 (bd, 1lH,
3,3 2.5Hz, NHpCH(COOR)CH) and 4.17 (d x q, 1H, J, g = 2.5Hz,

Jg,y= 6Hz, CHCH(0Si)Me) ppm.

tert~Butyl O-tert-Butyldimethylsilyl-¥-cinnamylidéne-D~threonate

(122) 50
tert-Butyl O-tert-butyldimethylsilyl-D-threonate [(+)-~-120,
0.29 g, 1.0 mmol) and trans-cinnamaldehyde (0.13 ml, 0.14 g,
1.0 mmoi) in 5 ml of dry CH,Cl, were refluxed for 1.5 hours
using a modified Dean-Stark trap filled with 3A molecular

sieves. After stirring at room temperature in the presence of

. anhydrous MgSO, for another 0.5 hours, the mixture was filtered

and the solvent evaporated to give 0.39 g of 722 as a yellow

oil: i.r. (film) v 1735 (ester), 1685 (excess aldehyde), %

max *
1635 (a,B-unsaturated imine) and 1615 (sh, conjugated C=C) c¢m !;
lH.m.r. (CDCl;) 6: -0.07, 0.00 (28, 6H, SiMe,), 0.80 (s, 9H,

siBu®), 1.22° (4, 38, Jg,, = 6Hz, CHCH3), 1.46 (s, 98, COoBu®),

14

3.56 (app. 4, 1H, Ja,sa 8Hz, NCH(COOR)CH), 4.16 (app. 4 x g, 1lH,

P
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Ju’Bs 8Hz' JB)Ya GHZ, CHCH'(GSi)Me) r 6.99 (app. dl‘ ZH’ J = 4.5HZ,
N=CHCH=CHPh), 7.2 - 7.7 (m, S5H, Ph) and 7.99 (app. t, J = 4.5Hz,
N=CHCH=CH)- ppm. L

B~Lactams (=)-123 and (+)-_1__2_4_5°’51‘

Azidoacetyl chloride!3l (0.11 ml, 0.14 g, 1.2 mmol) in 2 ml
of dry CH,Cl, was added dropwise over 30 minutes to a cold
(=15°C) quspension of Schiff base 122 (0.39 g, see p. 139 ),

NEt 3 (\0.18 ml, 0.13 g, 1.3 mmol) and MgSO, (anh.) in 5.ml of dry
CH,Cl, under nitrogen. 'Stirrinq at ice~salt bath temperature
(-18° to‘-lO°C) was continued for another hour. Work-up of the
reaction was accomplishe§ by dilution with r{exanes (100 ml),
washing successively with brine, 4% HCl, sat. NaHSO; (twice),
sat. NaHCO; and brine, dryingjand solvent evaporation to give
0.37 g of an orange oil. T.l.c. (30% EtOAc/hexanes) showed two
components. (The minor, more polar comporent was assumed to be
the amidel:g__z;s (p. 60 ) but it was not isolated.) When 15%
EtOAc/hexanes was used as the t.l.c. solvent, the major, less
polar component could be seen to consist of one large, less
polar and- one very small, more polar component.

Flash chromatofgraphy with 15% EtOAc/hexanes, and recycling
the mixed fractions with 200 ml of 13% EtOAC/hexanes followed by
200 ml of 20% EtOAc/hexanes, gave 0.31 g (63% frpm 120) of mixed
f~lactams 123 and 124 as a clear, pale yellow oil. HPLC -

(Waters 440, MeOH/EtOAc/hexanes (0.1:5:95), 5.0 ml/min.) showed

~ :
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the ratio lof major (less polar) to minor (more polar) diastere-
“omer to be290:10 with retention times of 10.4 and 14.4 minutes

. respectively. Separation using these conditions yielded 2

1

g-lactams with the following characteristics:

: o major B-ladtam (-)-123: [a]D23 -85° (¢ 1.5, CHCly); i.r. (£ilm)

; / Vnax 2100 (azid;), 1770 (8~lactam), 1735 (ester), 1650 (ArC=C)

[ and 1390, 1365 (tert-butyl) cm~l; 200MHz 'H.m.r. (CDCl;) §:
-0.05, 0.00 (2s, 6H, SiMe;), 0.80 (s, 94, SiBu®), 1.24 (d,.3H,
Jg,y= 6.3Hz, CHEH3), 1.49 (s, 9H, COOBu®), 4.14 (d, 1H, Jyp=
4.5Hz, NCH(CODORICH), 4.47 (d x q, lH, J, g = 4.5Hz, Jg , = 6.3Hz,
CHCH(OSi)Me), 4.78, 4.80, 4.84, 4.87 (m, XY of a poss. ABXY pat-
tern, 2H, H-3 and H-4), 6.19, 6.23, 6.27, 6.31 (app. d x 4, B

of ABXY, 1H, J,; = 15.6Hz, J,, = 8.4Hz, CHCH=CH), 6.63, 6.71

BX

= 15.8Hz, J < 1Hz, CH=CHPh) and

(app. 4, A of ABXY, lH, JAB AX

7.2 - 7.4 (m, SH, Ph) ppm; m.s. (EI, 70eV, 88°C) m/e: 476 (0.1)

429 (M - 57), 345-(52)', 75 (58), 73 (92) and 57 (100);

minor g-lactam (+)-124: [a],23 +65° (c 0.6, CHClj); i.r.

(£ilm) v 2100 (azide), 1770 (g-lactam), 1730 (ester), 1650

: max:
! " (AxC=C) and 1390, 1365 (tent-butyl) cm™!; 200MHz !H.m.r. (CDC1,)
§: 0.01, 0.12 (2s, GH, SiMe,), 0.90 (s, 9H; SiBu’), 1.20 (d,

38, Jg,y = 6.3Hz, CHCHy), 1.39 (s, 9H, GboBu®), 4.23 (4, 18,

Jo,3= 3.78z, NCH(COOR)CH), 4.60 .(d x q, 1H, J, g = 3.7Hz, .Jp s
6.3Hz, CHCH(OSi)Me), 4.75, 4.78, 4.80, 4.83 (app. d x d, X of a
vpgss. ABXY pattern,.lH, Jp, = 8.8Hz, Jy, = 5.2Hz, 3-4‘) 4.87,

— _ 4.89 (app. d, Y of ABKY, 1H,.Jy, = 5.28z, Jy, < lHz, H-3), 6.27,

pr3
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6.32, 6.35, 6.40 (app. d x d, B of ABXY, 2H, Jag = 16Hz, Inx =
§.8Hz, CHCH=CH), 6.60, 6.68 (app. d, A of ABXY, lH, J,, = 1l6Hz,

Iax

70eV, 94°C) m/e: 458 (0.1, M’ - 28), 430 (L, M'' - 56), 345

< 1Hz, CH=CHPh) and 7.2 - 7.4 (m, 5H, Ph) ppm; m.s. (EI,

(81), 73 (91) and 57 (100).
{— . .

Benzyl L-Serinate Hydrochloride [(-)-7§]6%63

The preparation of benzyl L-serinate hydrochloride [(=)-76]
from 10 mmol of BOC-L-Ser®4»183 (7127) was identical to that of
benzyl D-threonate hydrochloride [(+)-74, p. 118]. BOC-L-
Ser-0Bn (128) 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:b-Ser, BOC~-D~-Ser-0Bn was obtained as

a white solid with m.p. 70° - 71°C.) BOC-L-Ser-OBn: [a]D23 ~-3°

(c 4, CHCly); i.r. (film) v . : 3430 (NH), 1740 (ester), and

1705, 1500 (urethane) cm~l; IH.m.r. (CDClj3) &6: 1.45 (s, 9H,
oBu®), 2.97 (bt, 1H, Jp = SHz, exchangeable, 0H), 3.6 - 4.6
(m, 3H, NHCHCH,OH), 5.22 (s, 2H, OCH;Ph), 5.61 (4, 1H, Jy o=
7Hz, exchangeable, ¥#) and 7.33 (s, 5H, Ph) ppm; m.s. (EI,
70eV, 68°C) m/e: 265 (0.4, M'" - 30), 91 (73), 60 (47) and 57

(100) .

.

1

Treatment of BOC-L~-Ser—OBn (128) with ether saturated with
hydrogen chloride gas®3 gave 1.8 g (77%) of L-Ser-OBn.HCl
"[(=)=76] which was recrystallized twice from sec-propanol/ether

to give fine white needles: m.p. 172.5° - 174.5°C (1it.81:

-
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172% - 174°C); [a].23 =6.1° (c 4.5, MeOH) (lit.: [a]_ -4.19°
D D

(c 4.53, MeOH)}?? and [al, -4.1 ¢ 0.5° (c 4.4, MeOH)§1);

i.r. (KBr) Vmax® 3360 (hydroxyl), 3150 - 2500 including 3030,

2900, 2750, 2620 (*NH;) ahd 1750 (ester) cm~!; lH.m.r. (DMSO-dg)

v St e

HyNTCHCH,) , 5.23 (s, 2H, OCH,Ph), $467 (bs, 0H), 7.2 - 7.5 (m,
5Hd,” including s at 7.34, Ph) and 8.53 (bs, +NH3) ppm.

Benzyl O-tert-Butyldimethylsilyl-L-serinate [(-)~129]70

Benzyl L-serinate hydrochloride [(-)-76, 0.23 g, 1.0 mmol]
was added to a mixture of imidazole (0.25 g, 3.6 mmol) and tert-
butyldimethylsilyl chloride (0.22 g, 1.5 mmol) in 2 ml of dry
HMPT and stirred for 18 hours at room temperature under ﬁitrogen.
This mixture was then poq;ed into water (20 ml) and extracted

with 1:1 ether/p.e. (5 x 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 g of oil (85% crude). Flash chromatography
using U.S.P. ether yielded 0.24 g (75%) of (-)-129: [a]??® -10°

(¢ 3, CHCl3); 4i.r. (film) v 3380, 3320 (NHp), 1740 (ester),

max’
1600 (amine) and 1260, 840 (silyl ether) cm~!; IlH.m.r. (cDCI,)
§: 0.00 (s, 6H, SiNe,), 0.83 (s, 9H, SiBu®), 2.08 (bs, 2H, ex~
changeable, ¥H,), 3.4 - 4.1 (m, possibly an ABX pattern, 3H,
NH,CHCH,081), 5.13 (s, 2H, OCH,Ph) and 7.29 (s, SH, Ph) ppm;

m.s. (EI, 1SeV, 41°C) m/e: 310 (4, M*° + 1), 294 (1), 252 (S1),
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174 (35) and 91 (100).

Benzyl O-tert-Butyldimethylsilyl-¥-cinnamylidene-L-serinate

(-1__0-) 50

A mixture of benzyl O-tert-butyldimethyisilyl-L-serinate

~[(~)-129, 0.14 g, 0.45-mmol] and trans-cinnamaldehyde (0.06 ml,

0.5 mmol) in 5 ml of dry CH;Cl, was refluxed for 1 hour using
a modified Dean-Stark apparatus filled with 3A molecular siéves.
After stirring in the presence of MgSO, (anh.) at room tempera-
ture for another hour, the mixture was filtered and evaporated
to give Schiff base 130 as a yellow oil; i.r. (film) v ., :
1740 (ester), 1635 (o,8-unsaturated imine) and 1615 (sh, ArcC=C)
em~!; lH.m.r. (CDCl;) 6: 0.00 (s, 6H, SiMe,), 0.83 (s, 9H, siBu?),
3.7 =4.3 (m, 3H, NCHCH,08i), 5.26 (s, 2H, OCH,Ph), 7.00 (app. 4,
2H, J = 4.5Hz, N=CHFH=CH), 7.2 - 7.5 (m, 10Hz, including s at
7.37, 2% Ph) and 8.05 (app. t, 1H, J = 4.5Hz, N=CHCE=CEPh) ppm.

A}

g-Lactams (+)-131 and (-)=132 595!

Schiff base 130 (0.45 mmol, see above) and distilled NEt;
(80 ul, 0.58 mmol) in 4 ml of drgAC32Clz were cooled in an ice-
salt bath (~15°C) under nitrogen. A solution of azidoacetyl
chloridel!3! (50 ul, 0.55 mmol) in 1 ml of dry CH,Cl, was added
dropwise over 30 minutes, and stifring continued at -15° to
~10°C for another hour. Dilution with hexanes (50 ml), succes-
sive washing with brine, 108 HCl (twice), sat. NaHSO; (twice),

sat. NaHCO; and brine, then drying and solvent evaporation

o g i e , - ot
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yielded 0.19 g of yellow oil. The major, non-polar component
of this oil was separated from the minor, polar component (as
detected by t.l.c., 20% EtOAc/p.e.) by flash chromatography with
200 ml 19% EtOAc/hexanes followed by 100 ml 25% EtOAc/hexanes.

The non-polar fraction proved to be 0.11lg (48% from 129) of ;

mixed g-lactams 131 and 132, and the polar fractiion 0.05 g (294)
~ of amide (+)-133 (p. 63 ).

HPLC (Waters 440, MeOH/EtOAc/hexanes (0.1:5;9 N 5.0 ml/
min., 1 recycle) of the mixed g-lactams showed that the two
stereoisomers were present in the ratio of major:minor = 79:21
with retention times (before recycling) of 32 and 34.8 min. re-
spectively. Separation on a semi-preparative scale was accom- .
plished under slightly different conditions (MeOH/EtOAc/hexanes
(0.1:8:92), 2 recycles) giving retention times (before recy-

cling) of 10.8 and 12 min. respectively:

major g-lactam (+)~131: (alp23 +62° (c 1.4, CHCly);

e

#
i.r. (film) Vmax’ 2100 (azide), 1770 (g-lactam), 1740 (ester)

and 1650 (ArC=C) cm !; 200MHz !H.m.r. (CDCl;) 6: -0.06, -0.04
(28, 6H, SiMe,), 0.84 (s, 9H, SiBu®), 3.9 - 4.1 (m, AB part of
a poss. ABX pattern, 2H, JAB = 10Hz, CHCH,08i), 4.51, 4.53,
4.54, 4.56 (app. d x 4, X of above ABX, 1lH, J = 4.5Hz and 6.4Hz,
PNCHCH,08i), 4.71, 4.73, 4.75, 4.77 (app. d x d, X of a poss.
= 5.1Hz7~H-4), 4.83, 4.86

ABXY pattern, 1lH, J = 8,7Hz,

BX
(app. 4, Y of ABXY, 1lH, J

Ixy

= 5,1Hz, J.. < lHz, H-3), 5.08,

BY
= 12.1Hz, OCH,Ph), 6.17, 6.21,

XY

5.15, 5.21, 5.27 (ABg, 2H, JaB

PS
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6.25, 6.29 (app. d x d, B of ABXY, 1lH, J,, = 15.9Hz,'a‘Bx =
8.7Hz, CHCH=CH), 6.63, 6.71 (app. d, A of ABXY, 1H, J,, = 15.9

e A s =

Hz, JAX

7.34 and 7.37, 2x Ph) ppm; m.s. (EI, 10eV, 70°C) m/e: 478 (1,

Mo - 28) , 463 (2), 424 (1.5), 423 (6%, 422 (19), 421 (60) and

< lHz, CH=CHPh) and 7.3 - 7.5 (my 10H, including 28 at

P

91 (100); Anal. calcd. for CpyHsy Ny,O,Si: C 64.00, H 6.76,

N 11.06; found: C 63.71, H 6.79, N 10.67. ‘
minor g-lactam (-)-132: (HPLC indicated ~ 1 - 2% of (+)-131

still present) ([a],23 -50° (0.6, CHCl3); d.r. (film) v . :

2100 (azide), 1770 (B~lactam), 1750 (ester) and 1650 (weak,

ArC=C) cm~!; 200MHz !H.m.r. (CDCl;) &§: 0.06 (s, 6H, SiMe,),
L4
0.88 (s, 9H, SiBut), 4.0 - 4.2 (m, poss. AB part of an ABX
'
pattern, 2, J = 10.5Hz, CHCH,0Si), 4.38, 4.41, 4.42, 4.45

AB
{

(app. 4 x d, X of above ABX, 1lH, J = 7.5Hz and J.2Hz,
NCH(COOR)CH), 4.5%) 4.58, 4.60, 4.63 (app,d ¥ d, X of a poss.
ABXY pattern, 1H, J,, = 5.1Hz, Jax = 9.1Hz, H-4), 4.80, 4.83
(app. 4, Y of ABXY, 1lH, JXY = 5.1Hz, JB% < lHz, H-3), 5.12
(s' 2H' OC'Rzph) Fl 6-16' 6-21, 6-24’ 6029 (app. d X d, B Of ABXY’
1H, JAB
A of ABXY, 1H, JAB = 15.9Hz, JAx < 1Hz, CH=CHPh) and 7.2 - 7.4

= 15.9Hz, JBX = 9.1Hz, CHCH=CH), 6.60, 6.68 (app. 4,

(m, 10H, including 2s at 7.31 and 7.33, 2x Ph) ppm; m.s. (EI,
70eV, 76°C) m/e: 478 (1.5, M- 28), 463 (2), 424 (1.4), 423
(6), 422‘(19), 421 (56) and 91 (100).

Anide (+)-133 was further purified by chromatography with
25% EtOAc/p.e.; [a]ly2% +12° (c 1, CHCly); d.r. (film) v :
3420, 3320 (NH), 2110 (azide), 1745 (s-lactam) and 1685, 1520

RS
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(amide) -cm~!; lH.m.r. (¢bCls) 6: 0.00, 0.03 (28, 6H, SiMe,), |
0.88 (s, 9H, SiBu®), 3.73 - 4.25 [m, 4H, including 4.02 (s,
N3CHpCO), 3.73, 3.79, 3.89, 3.95 (app. d x d, B of an ABXY pat-

= 10Hz, J

tern, J = 3.5Hz) and 4.04, 4.08, 4.21, 4.25 (app.

AB BX

d x°d, A of ABXY, J

ap - 10Hz, J,, = 2.5Hz) CHCH,08i], 4.60, 4.65, 3
4.70, 4.73, 4.78, 4.83 (app. d x t, X of ABXY, 1lH, J = 3Hz, Ty = ¥
8Hz, NHCH(COOR)CHz), 5.22 (s, 2H, OCHzPh), 7.11 (bd, Y of ABXY,

18, Jyy = 8Hz, NH) and 7.37 (s, 5H, Ph) ppm; m.s. (EI, 1l8eV, 68°C)

m/e: 364 (M* - 28), 335 (18), 308 (1l2), 307 (52) and 91 (100).

Azidoacetic~d, Acid (137)131

Chloroacetic acid-d,* (136, 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 (10 ml) was layered onto the mixture and
heated under reflux for 39 hours. The ether was evaporated and
raplaced with CH,Cl,; (20 ml). The mixture was then cooled in
ice, acidified glowly with 14.5 ml of ice-cold 2N H,S0, and
allowed to warm to room temperature (about 1 hour) with stir-
fing. Separation of the phases, extraction of the aqueous
layer with CH,Cl, (9 x 20 ml) and normal processing of the com-
bined organic layers yielded 2.1 g of yellow oil (80% crude).

Another 0.5 g oil was obtained by continuous extraction
of the agueous phases with ether overnight to give a total of

2.6 g (quantitative) of crude azidoacetic-d, acid (137):

hd ”

*Supplied by Merck, Sharpe and Dohme, Ltd, M9ntreal, P.Q.' ]
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i.r. (CH;Clz) v . : 3500 - 2400 including 2660, 2530 (COO-H),
2180 (C-D), 2110 (azide) and 1730 (carboxyl) cm !; !H.m.r.
(épcly) 6: 11.2 (s, COOH) ppm; m.s. (EI, 70eV, 130°C) m/e:
103 (M), 73 (29), 44 (100), 31 (26), 30 (23), 29 (40) and

28 (84).

Azidoacetyl Chloride-d, (138)13!

Distilled thionyl chloride (3.5 ml, 48 mmol) was added
dropwise to an ice-cold solution of crude azidoacetic-d, acid
(137, 2.6 g, 25 mmol) in 1.5 ml of dry CH,Cl,. Effluent gases
were collected in a trap of cold (0°C) 5N 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 fractionally distilled in

vacuo (water asgpirator) at room temperature to remove solvent

and residual thionyl chloride, and then the temperature was

‘raised slowly until 2.2 g (74%) of azidoacetyl chloride-d; (138)

as a clear liquid were collected at 38° - 39°C/10 Torr (lit.

for N3aCHacoc1!3l: 41°c/12 Torr): i.r. (film) Vpayx! DO ab-

sorption around 3000 cm~!, 2180 (C-D), 2110 (azide) and 1820,
1790 (acyl halide) cm™!.

L
L

3-Deutsro-g-lactams (-)-139 and (+)=-14¢ (from D-Thr-OBn)

Schiff base 88 1prepaf&d from 1.0 mmol of the silylated

- A ——
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D-Thr-OBn (+)-82 and 1.1 mmol of trans-cinnamaldehyde, p. 121)

in 4 ml of dry CH,Cl, was cooled to -15°C under argon. Treat-
ment with NEt3 (0.18 ml, 1.3 mmol) and a solution of azido-
acetyl chloride~d, (138, 0.11 ml, 1.2 mmol) in 2 ml of dry CH,Cl,
(with anh. MgSO,) was carried out as for the preparation of
(-)-89 and (+)-90 (p. 122). Work-up and chroﬁatography gave

0.34 g (65% from (+)-82) of mixed g-lactams (-)-139 and (+)-140
and 0.09 g of amide (-)-141 (22%). The two stereoisomeérs (pre-
sent in the ratio of major:minor = 88:12) yere separated by

HPLC (Altex 300): major 3-deutero—6-lact§m (-)=-1389 (compare

with (=)-89, p. 123): [al??® -129° (c 4.4, CHCl3); i.r.
(£ilm) : no significant differences; 200MHz !H.m.r. (CDCl,)

ABXY pattern became ABX, é§: 4.90, 4.94 (app. 4, X of ABX, lH,

J = 9,3Hz, J < lHz, H-4), 6.16, 6.21, 6.24, 6.29 (app. d x

BX AX
d, B of ABX, 1H, J% = 15.98z° Juy = 9-3Hz, CHCH=CH) and 6.56,

. 6.64 (app. d, A of ABX, 1lH, Jag = 15.9Hz, J,, < lHz, CH=CHPh)

ppm; m.s. (EI, l6ev, 74°C) m/e: -493 (5, M* - 28), 438 (10),
437 (34), 436 (100), 435 (43), 159 (57) and 91 (73);:

minor 3-deutero-f-lactam (+)-140 (compare with (+)-90, p. 123):

[a]DZ3 +38°° (0.5, CHCl,;); F.T.i.r. (CCl,) 2109 (azide),

Ymax i
1774 (B-lactam) and 1750 (ester) cm~!; 200MHz !H.m.r. (CDeCl,)

ABXY pattern became ABX, §: 4.78, 4.83 -(app. 4, X of ABX, 1lH,

J x " 9.1Hz, JAX < lHz, B-4), 6.25, 6.30, 6.33, 6.38 (app. d x

B

d, B of ABX, 1lH, JAB = 16Hz, JBX = 9.1Hz, CHCH=CH) and 6.54,

6.62 (app. d, A of ABX, 1lH, J,..= 1l6Hz, J < lHz, CH=CHPh) ppm;

AB AX

> A e e st R e e oL e
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m.s. (EI, l6eV, 75°C) m/e: 493 (3, M' - 28), 438 (4), 437
(15)4m 436 (45), 435 (18), 159 (55) and 91 (100).

Note: Each of these diastereomers displays a small d (J = 5Hz)
15 its 200MHz !H.m.r. spéctrum indicating 20 to 25% exchange of
D for H at H-3; ¢ = 4.86 ppm in (-)-139 and 4.90 ppm in (+)-140.

dideuterated amide (-)-141 (compare with (-)-91, p. 124)=

[a]D23 -12°C (¢ 0.5, CHCl3); 4i.r. (film): no significant dif-
ferences; !H.m.r. (CDCli): only a small s at § = 4.03 ppm in-
dicating about 25% exchange of D for H; m.s. (EI, 70eV, 69°C)
m/e: 365 (0.1, M+. - 15 - 28), 364 (0.3), 351 (l1.4), 323(1),
322 (1), 159 (19) and 91 (100).

3-Deutero-g-lactams 142 and 143 (from L-Ser~OBn)

’

Schiff base 130 (prepared from 0.30 mmol of silylated L-Ser-
OBn (129) and 0.32 mmol of. trang~-cinnamaldehyde, p. 144) in 3 ml
of dry CH,Cl, was cooled to -15° under argon in the presence of
MgSOs {(anh.). This was followed by treatment with NEt; (50

ul, 0.36 mmol) and then a solution of azidoacetyl chloride-d;
(138, 30 ul, 0.32 mmol) in 1 ml of dry CH,Cl,, as in the pre-
paration of the protonated analogues (+)~-131 and (-)-132,

p. 144). Identical work-up and chromagography yielded 82 mg
(53% from 129) of mixed g-lactams 142 and 143, and 20 mg (16%) of

amide 144 (p. 70 ). The two B-lactams (present in the ratio of
major:minor = 77:23) were separated by HPLC (Waters 440):

major 3-deutero-g-lactam 142 (compare with (+)-131, p.145):

(
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i.r. (film): no significant differences; 200MHz H.m.r.
‘%EBCla) ABXY changed to ABX, §: 4.71, 4.76 (app. d, X of ABX,

14, JBx = 8.8Hz, JAX < 1lHz, H-4),‘6.16, 6.?1, 6.24, 6.29 (app.

d x d, B of ABX, 1H, J, Ipx
6.63, 6.71 (app, 4, A of ABX, 1H, Jp, = 15.9Hz, CH=CHPh) ppm;

= 15,94z, = 8,88z, CHCH=CH) and

m.s. (EI, 70eV, 71°C) m/e: 479 (1, M'" - 28), 464 (2), 424 (5),

423 (17), 422 (47), 421 (23) and 91 (100);

minor 3-deutero-g-lactam 143 (compare with (-)-132, p. 146):

i.r. (film): no significant differentes; 200MHz 'H.m.r. (CDClj;)

ABXY pattern changed to ABX, &: 4.57, 4.61 (app. d, X of ABX,

1H, JBx = 9,1Hz, J < lHz, H-4), 6.16, 6.21, 6.24, 6.29 (app.

AX

d x d, B of ABX, 1H, JAB = 15,94z, J = 9.1H§, CHCH=CH) and

BX

6.60, 6.68 (app. 4, A of ABX, 1lH, JAB = 15.9Hz, JAx

CH=CHPh) ppm; m.s. (EI, 70eV, 59°C) m/e: 479 (1, mt - 28),

< 1lHz,

464 (1.4), 424 (4), 423 (13, 422 (37), 421 (19) and 91 (100);
Note: Both of these diastereomers display a small 4 (J = 5Hz)
in their 200MHz lH.m.r. spectra indicating about 25% exchange
of D for H at H-3; ¢ = 4.80 ppm for 143 and 4.92 ppm for 143.
dideuterated amide 144 (compare with (+)-133, p. 146):

i.r. (film): no significant differences; !H.m.r. (CDCl;)
nos for 2H at § = 4.02 ppm; m.s. (EI, 70eV, 80°C) m/e:
337 (4, M* - 57), 309 (1), 308 (1) and 91 (100) 4

(
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3-Deutero-g-lactams 147 and (-)-148 (from L-Ser-OMe)

‘' Methyl 0-tegrt-butyldimethylsilyl-¥-cinnamylidene-~L-serinate
(;;i; p. 53 ) was prepared as described by Just and Liak8! from
methyl 0-tert-butyldimethylsilyl-L-serinate®! (gg, p. 31 ,
0.42%g, 1.8 mmol) and distilled trang-cinnamaldehyde (0.23 ml,
0.24 g, 1.8 mmol). *

A suspension of MgSO, (anh.), Schiff base 111 and distilled

NEt; (0.32 ml, 0.23 g, 2.3 mmol) in 5 ml of dry CH,Cl, was
cooled in an ice~-salt bath (~15°C) under argon. Azidoacetil
chloride-d, (138, 0.20ml, 0.26 g, 2.1 mmol) in 1 ml of dry
CH,Cl, was then added dropwise over 20 minutes. The mixture

was allowed to stir at ~-15° to -10°C for another 70 minutes,
then filtered and diluted with 1:1 ether/hexanes (100 ml).
Washing successively with brine, 4% HCl, sat. NaHSO3; and brine,

drying and concentration in vaouo gave 0.60 g of a yellow oil

which still contained cinnamaldehydé as well as the expected

_ B=lactam mixture and amide (t.l.c., 30% EtOAc/hexanes).

Th%s oil was separated by chromatography with 200 ml of
hexanes, 400 ml of 24% EtOAc/hexanes and finally 200 ml of 30%
EtOAc/hexanes into 0.45 g (58% crude) of mixed g-lactams 1¢7
a;g 148 as a yellow waxy solid {[a]D23 +2 (¢ 5, CHCl,)}, and
0.09 g (16%) of amide 149 as an oil. HPLC (Waters 440, MeOH/
EtOAc/hexanes %0.1:5:95), 5.0 ml/min.) of the mixed g-lactams
showed 'the presence of two sterecisomers in the ratio of minor,

@

less polar to major, more polar isomer = 18:82 with retention

H
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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 (-)-148, the mégor diastereomer, as a white

powder: major 3-deutero-g-~lactam (-)=-148: m.p. 80.5° - B8l°C

(1it. 8! : 74,5° - 75.5°C); [a] 23 -1° (c 2.5, CHCly); i.r.

(KBr) Vnax 2120 (C-D), 2100 (azide), 75 (B=-lactam) and 1750,

1735 (ester) cm~!;. 200MHz !H.m.r. (CDCl;) &: =-0.08, -=0.06 (2s,
6H, SiMe,), 0.80 (s, 9H, SiBu®), 3.71 (s, 3H, COOCH,), 3.83,
3.85, 3.88, 3.90 (B of an ABX pattern) and 3.91, 3.94, 3.95,

3.98 (A of ABX, 2H, app. J,p = 9:5Hz, J,, = 4Hz, J,, = 6.5Hz,

cHC’EzOSi)’ 4.45’ 4-47, 4.48, 4-50 (app- d X d, X Of abOVG ABX,

= 6.5z, J = 4Hz, NCH(COOR)CH,), 4.74, 4.78 (app. d,

1H, JAX BX

X of a second ABX pattern, 1lH, JBx = 9.032,13Ax < 1Rz, H-4),

6.15, 6.19, 6.23, 6.27 (app. @ x 4, B of 2 a ABX, 1lH, J = 15.9
{ AB

Hz, JBx = 9,0Hz, CHCH=CH), 6.66, 6.74 (apﬁ}\d%:A.of an

ap = 15-9Hz, J,, < 1Hz, CH=CHPh) and 7.2 - 7.3 (m, 5H, Ph) ppm;

a small 4 (J = SHz) at § = 4.85 ppm indicated about 25% exchange

ABX, 1H,

J

of D for H.at H~3; m.s. (EI, 70eV, 50°C) m/e: 403 (2, M -~ 28),
348 (11), 347 (36), 346 (86), 345 (28),0118 (100) and 89 (99).
HPLC was not as satisfactory 'a précedure for the isolation
of pure minor iscmer 147. Therefore, the crude g~lactam mixture
was recrystallized from hexane to give needle crystals with m.p,

79° - 80°C and identical spectral characteristics to (-)-15&

above. Pure 147 was then more easily obtained by HPLC separa- A

tion from the mother liquor which now contained a ratio of minor

to major isomer of about 40:60: minor 3-deutero-~g-lactam 147:

i
H
f
:
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i.r. (filﬁﬁ’vmaxz 2110. (C-D and azide), 1775 (p-lactam) and
1750 (ester) em~!; 200MHz 'H.m.r. (CDClg) &: 0.04 (s, 6H,
SiMe,), 0.85 (s, 9H, SiBu®), 3.65 (s, 3H, COOCH;), 3.94, 3.97,
3.99, 4.02 (B of an ABX pattern) and 4.03, 4.07, 4.08, 4.12 (a

= 5.1Hz, = 7.9HZ, CHCHZOSi)I

of ABX, 2H, JAB AX JBX

4.29, 4.32, 4.33, 4.36 (app. d x d, X of above ABX, 1H, JAx =

= 10.5Hz, J

7.9Hz, J, = 5.1Hz, NCH(COOR)CH,), 4.54, 4.58 (app. d, X of a

BX

second ABX pattern, 1lH, J < 1lHz, H-4), 6.19, 6.23,

BX = 9,0Hz, JAX
nd

6.27, 6.31 (app. d x d, B of 2"% ABX, 18, J,; = 15.9Hz, I, =
9.0Hz, CHCE=CH), 6.60, 6.67 (app. d,/Af ABX, 1H, J,, = 15.9

»
Hz, J,, < lHz, CH=CHPh) and 7.2 - 7.4 (m, SH, Ph) ppm; a small

AX
d (J = 5Hz) at 6‘= 4.81 ppm indicated about 25% exchange of D
for H at H-3; m.s. (EI, 70eV, 59°C) m/e: 403 (4, M - 28),
348 (12), 347 (41), 346 (100), 345 (32), 118 (57) and 115 (56).
dideuterated amide 149: i.r. (film) Vmax® 3420, 3350 (NH),
2110 (C-D and azide), 1750 (ester and 1680, 1530 (amide) cm™!;

lH.m.z. (CDCly) &: 0.00 (s, 6H, SiMe;), 0.83 (s, 9H, SiBu’),
3.69 - 4.14 [m, 5H, including 3.69 (s, COOCH3), 3.80, 3.86
(partial B of an ABXY pattern, Ipx = 3.5Hz) and 3.94, 3.98,
4.10, 4.14 (A of ABXY, Jpy = 9.5Hz, Jpy
4.47, 4.52, 4.58, 4.62, 4.67, 4.73 (app. d x t, Y of ABXY, 1H,

= 2.5Hz), CHCH,0Sil,

= 3 ,5Hz, J = 8.5Hz, NHCH(COOR)CH,) and 6.97,

J = 2,5Hz, J

AX BX e
7.11 (bd, Y of ABXY, 1H, J,, = 8.5Hz, NA) ppnm.
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EXPERIMENTAL
——CHAPTER 3 .
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L

2-Cinnamylideneamino-2-deoxy=-g8-D-glucopyrancse (172)1%9 151

trang-Cinnamaldehyde (0.60ml, 0.63g, 4.8 nxn;ol) was added
to a mixture of 2~amino-2-deoxy-D-glucopyranose hydrochlor:'ide
(167, 1.0 g, 4.6 mmol) in 4.7 ml of N Na;:)H. This mixture was
shaken at room temperature until it was a solid mass (about 20
min.) , cooled to o°c agnd filtered. The residue was rinsed
twice with ice-water, once with cold EtOH/ether (l:1) and twice
with anhydrous ether to give 1.03 g (75%) of _z_g_g_ ay a white,
powder which was pure enough for characterization purposes:
m.p. 159° -.160°C; [a]p?? +14° (c 2, pyridire); 4i.r. (KBr)
Vpax® 2440 - 3200 (hydroxyls), 1625 (a,8-un aturated imine)
and 1610 (conjugated C=C) cm~1; 200MHz !H.m.r. .(DMSO-@g) §:
2.73 (bt, 1H, J = 8Hz, B-2), 3.1 - 3.8 (m, Hei, H-4, H-5, H-6),
4.5 - 4.7 [m, ﬁﬁ' including 4.59 (t, J = 6Hz, exchangeable,
(C-6) Hp0H) and 4.66 (t, J.-= 7Hz, becomes bd, J = 7Hz, onD0

treatment, H-1)], 4389 (d, 1H, J = 5Hz, exchangeable, (C-4 or

C~3)HOH), 4.99 (4, 1H, J = 6Hz, exchangeable, (-3 or C-4)HOH),

6.60 (4, 1§, J = 7Hz, exchangeable, (C-1)HOH), 6.85, 6.90, 6.93,

ot . R
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géark»%ﬂi, CH=CHPh), 7.3 - 7.6 (m, 5H, Ph) and 7.96 (app. d, X

of ABX, 1lH, J = 9HzZ, J < lHz, N=CHCH=CH) ppm; Anal. calcd.

BX AX

H 6.54, N 4.57.

1,3,4,6-tetra-0-Acetyl-2~cinnamylideneamino-2-deoxy-g-D-gluco-

pyranose (173)152

Schiff base 172 (0.59 g, 2.0 mmol),;guspended in 2 ml of
dry pyridine and 1.0 ml of acetic anhydride (11 mmol), was
stirred for 18 hours at 0°C. Solid Na,C0O3.H70 (0.80g, 13 mmol)
wasﬁaddéd and stirred for another 2 hours, then poured into ice-
water. The resulting white precipitate was filtered, then taken
up in CHCl;, washed with brine (x3), dried (anh. K,COj3) and
evaporated to an o0il which was tritugated with hexanes to give

a flocculent precipitate. Filtration yielded 0.65.g of 173. 2

further 0.13 g was obtained by similar treatment of the residue

§
H
i
i

from filtrate evaporation for a total of 0.78 g (85%). A small
quantity was recrystallized from EtOAc/hexanes for characteri=-
zation purposes: m.p. 211.5° - 213°C (dec.); [q]D23 +58°

(¢ 3, CHC1l3); 4i.r. (KBr) v_..: 1760, 1740 (acetates), 1640 :
. A max ‘

(a¢,B=-unsaturated imine), 1620 (conjugated C=C) and 1380, 1370 //

(CoCH3) em~!; I!H.m.r. (CDClz) &: 2.13, 2.22, 2.24, 2.27 (4s,

le’ 4X OAB), 3042 (d X d’ lH, 31,2' 8.5Hzp J2,3 = 9Hz, H"Z) ’

3.86 - 4.60 [m, 3H, including 4.00 (poss. d x d x d, J,, 5= 9Hz,

JS,Mg 4.532, Js,se = ZHZ, H‘S), 4-14 (d X »dl \]‘s"eea ZHZ,
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Jea,6e = 1;.5Hz, H-6e) and 4.46 (poss. & x 4, Js,¢q = 4.5Hz,
Jéa,6¢ = 12.5Hz, H-6a)], 5.01 - 5.61 [m, 2H, including 5.16
(app. t, J3,u = Jq,éa 9Hz, H-4) and 5.47 (app. 4 x 4, Jz,3= 8.5
Hz, J3,,= 9Hz, H-3)], 5.95 (d, 18, J,,= 8.5Hz, H-1), 6.9 - 7.1
(m, 2H, N=CHCH=CHPh),. 7.3 - 7.7 (m, S5H, Ph) and 8.06 (app. d x
d, 1H, J = 2Hz aanG.SHz, EQE‘RCH=CH) ppm; m.s. (CI/IB, 100°C)
m/e: 418 (4, (M + l)+ - 44) a\hd 282 (100); Anal. calcd. for
€y3H7NOg: C 59.86, H 5.90, N 3.04; found: C 60.00, H 6.03,

N 3.20.

g-Lactams (+)=-174 and (=)-1755951 (from B-anomer)

Acetylated Schiff base 173 (0.65 g, 1.4 mmol) in 5 ml of
dry CH,Cl, was cooled to -15°C. Distilled NEt; (0.25 ml, 1.8
mmol) was added, followed by the dropwise addition of azido-
acetyl chloride!3! (0.15 ml, 0.20 g, 1.6 mmol) in 1 ml of dry
CH;Cl,; over 15 minutes. -The mixture was stirred another 75 min-
utes (for a total of 1.5 hours) at ~15° to -10°C, then diluted
with ether/hexanes (l:1) and filtered. After successive wash-
ings with brine, 4% HCl, sat. NaHSO;, sat. NaHCOj3; and brine,
the filtrate was dried and concentrated in vageuo to give an off-
white solid. (T.l.c. in both 40% and 60% EtOAc/hexanes showed '
c‘:jxly one component.} This solid had a tendency to crystallize
from EtOAc/hexanes, but since it was desirable to avoid frac-
tional crystallization, it was purified by chromatography. The
sample was applied to the column in CH,;Cl,, then eluted with

&
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39% EtOAc/hexanes (1000 ml) and 44% EtOAc/hexanes (1000 ml).

The clear oil obtained was triturated with ether to give 0.73 g

(958) of mixed g-lactams 17¢ and 175 'as a white powder: m.s.

(CI/IB, 103°C) m/e: 517 (100, (M + 1) - 28), 397 (100, (M + 1)°*

- 2B - 60~ 60) and 338 (73).

Examination of this product by HPLC revealed a ratio of
less polar to more poiar stereoisomer of 49:51 with retention
times of 21 and 24.5 minutes respectively. Crystallization by

addition of hexanes to 1l:1 EtOAc/CH,Cl; resulted in two types

of crystals, needles and rhombohedra. A sufficient gquantity for

the characterization of each crystal type was obtained by the

Pasteur method !5* usging tweezers and a reading lens. Each was

identified by its retention time on HPLC: less polar B-lactam

(+)-174 (needles): m.p. 153° - 156°C (dec.); [alj?3 +145°

(¢ 1.5, CHCl,); 4i.r. (KBr) Vmax® 2100 (azide), 1775 (sh, g-lac-

tam), 1760, 1735 (acetates) and 1365 (COCH,;) cm~!; and (CHCl,)
Vpax® 2110 (azide), 1775 (g-lactam), 1750 (sh, acetates) and
1370 (COCH3) cm~!; 200MHz !H.m.r. (CDCl,) 6: 2.03, 2.06, 2.09,
2.17 (4s, 12H, 4x Ode), 3.72 (4 x 4 x 4, 1H, J, 5= l0Hz,

Js,6q = 4.5HZ, J5,g¢ = 1.5Hz, H=5), 3.96 - 4.07 [m, 2H, 2 sets of
d xd at 4.01 (3 , = 8.9Hz, J, 3 = llHz, H-2) and 4.04/( J6e =
1.582, Jgq,6¢ = l2.6Hz, H-6e)], 4.25 (d x d, 1H, Js5 ¢ = 4.5Hz,

Jea,ce = 12.6Hz, H-6a), 4.51, 4.54, 4.56, 4.59 -(app. d x d, X of

_ABXY, 1H, JBX = 9,5Hz, JXY = 5.1Hz, H-4'), 4.72, 4.75 (app. 4,

Y Of ABxﬂY, 1H' JXY = SIle' JB’Y < 132, H-3') '} 5.07 (d X dp 1H'

T o et
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Ja,u= 9.2Hz, Jy 5 = 10Hz, H-4), 5.31 (d x &, J2,3=<11Hz,

J3,u= 9.2Hz, H-3), 5.71 (d, 1H, J, , = 8.9Hz, H-1), 5.96, 6.00,
6.04, 6.08 (app. d x d, B of ABXY, 1H, J,, = 15.7Hz, Jp, = 9.5
Hz, CHCH=CH) , 6.79, 6.87 (app. d, A Of ABXY, 1H, J,p = 15.7Hz,

J < 1lHz, CH=C#Ph) and 7.3 - 7.5 (m, 5H, Ph) ppm; Anal. calcd.

AX

H 5.13, N 10.47; more polar g-lactam (-)-175 {rhombohedra):

m.p. 160° - 163°C (dec.): [u]D23 _46Q (¢ 2, CHCl4):; i.r.

(KBr) v 2100 (azide), 1775 (sh, B=lactam), 1750 (acetates),

max
1650 (ArC=C) and 1365 (COCH;) em~!; and (CHC1;) Vpax: 2100
(azide) , 1770 (B~lactam), 1750 (sh, acetates), 1650 (ArC=C) and
1365 (COCH;) cm~l; 200MHz !H.m.r. (CDCly) é: 2.00, 2.06, 2.12,
2.18 (4s, 12H, 4x Ode), 3.72 - 3.82 [m, 2H, including 3.77 (d x
d, Jy,, = 9.0Hz, J, 3= 10.5Hz, H~-2) and 3.77 (app. d x 4 x 4,
Jy,5= L0Hz, Js gq= 4.4Hz, J5 ¢ = 2.2Hz, H-5)], 4.04 (d x 4, 1H,
Js,6e = 2.2Hz, Jgq 60 = 12.6Hz, H-6e), 4.23, 4.25, 4.27, 4.30,
4.32, 4.34 [m, 2H, including 4.28 (app. d x d, J5 ;= 4.4Hz,
Jeaq,6e = 12.6Hz, H:SA) and 4.31 (app. 4@ x d, X of an ABXY, Jax =

9.5z, J,, = 5.1Hz, H~4')], 4.75, 4.77 (app. d, Y of ABXY, 1lH,

XY

JXY = 5,1Hz, JAX

8-4)’ 5’33 (d x d, lHl 32’3’ 10.5“2’ J3,“’ 9.332, H-3)[ 6.03

< lHz, H-3'), 5.02 (app. t, 1H, J = 9.7Hz,

(4, 1H, J,,= 9.0Hz, H-1), 6.16, 6.20, 6.24, 6.28 (app. d x d,
B of ABXY, 1H, J,; = 15.7Hz, J;, = 9.5Hz, CHCH=CH), 6.73, 6.81
(app. d, A of ABXY, 1H, J,p ™ 15.7Hz, J,, < 1Hz, CH=CHPh) and

7.3 - 7.5 (m' SH, Ph) ppm; Anal. calcd. for CZSHZGN"OXO H

e T add b i R T
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C 55.15, H 5.18, N 10.29; found: C 55.30, H 5.29, N 10.20.

l,3,4,6-tetra—O-Aceﬁyl—2-amino-2—deoxy-a-D-glucopyranose hydro-

chloride (177)155

The known compound, 2—methyl—4,5-(3,4,6dtri-0—acet§l—2-
deoxy-a-D~-glucopyrano) ~A2-oxazoline!%6,157 (1765 6.2 g, 19 mmol)
was dissolved in 50 ml dioxane and treated with 19 ml of 1N HC1,
added dropwise at 25°C. The solvent was concentrated in vaouo
(water bath not exceeding 25°C) to 6.8 g of off-white solid
(95% crude) which was purified by precipitation from MeOH by
ether (anh.) to give 177 in 85% yield: m.p. 179° - 180°C (dec.)
(1it.159: 180°C); [al 2% +146° (c 2, H,O0) {1it.¥58: [a] 20
+130° (c 1, 'HZO}}; i.r. (KBr) Vnay! 3100 - 2400, 2540, 2030
(+N33), 1765, 1755, 1740 (acetates) and 1380??;340 (COCHj3) cm~};
lH.m.r. (CD3OD) 6: 2.05, 2.12, 2.25 (lbs and 2s, 12H, 4x Odo),
3.90 (d x d, 1H, J,, = 4Hz, Jp,3 = 10Hz, H-2), 4.1 - 4.5
(m, 34, H-5, H-6), 5.00, 5.15, 5.32, 5.48, 5.63 (m, 2H, H-3,
H-4) and 6.35 (d, 1H, J;,,= 4Hz, H-1) ppm; m.s. (CI/IB, 38° -
81°C) mfe: 185 (13), 168 (13), 114 (66), 72 (100) and 59 (83).

l,3,4,6-tetra-5-Acetyl-2-cinnamy1idgneamino-2-deogy—u-D-gluco-

)

A solution of 1,5,4,G-tetra-o—acetyl-2-amino-2-deoxy-a-D-'

pyranose (179)152 /

‘q{ucopyranose hydrochloride (177, 5.0 g, 13 mmol) in 90 ml of
MeOH and 60 ml of CH,Cl, was added dropwise with stirring to a

n e . R AN il S5 A e A oy a0
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cold (0°C) solution of NaOAc (l.l1 g, 13 mmol) and trans-cinna- </
maldehyde (1.7 ml, 1.8 g, 13 mmol) in 30 ml of MeOH.¥(NaOAc in

MeOH can be added to 177 and aldehyde without adverse affect.)

- i s A g

This mixture was then diluted with CH,Cl, (120 m1) and washed
with water (100 ml). The aqueous layer was back-extracted twice
with CH,Cl, (2 x 100 ml). The combined organic layers were

then waghed twice with sat. NaHCO3; and conce with brine, dried
(anh. K,CO3) and evaporated to give 6.0 g (98% cfude) of off-
white solid. ' Precipitation from EtOAc/hexanes gave 5.2 g (85%)

of 179 as a white agglomeration of finé‘particlesu For charac-
terization purposes, a small portion was regrystallized from
absolute EtOH/hexanes to give white needles; m.p. 173° - 174°C'
(dec.); [aly?® +80° (c 2, CHCly); i.r. (KBr) Vgt 1750
(acetates), 1640 (a,8-unsaturated imine), 1620 (conjugated C=C)
and 1370 (COCH;) em~!; IlH.m.r. (CDCl,y) &6: 1.96, 2.06, 2.12,
2.22 (4s, 12H, 4x Ohe), 3.61 (d x d, 1H, Jy ,= 3.5H2, J ;= 9.5 t
Hz, H-2), 3.9 - 4.5 (m, 3H, H-5 and H-6), 5.0 - 5.4 (m, 1lH,

H-4), 5.63 (t, 1lH, J2,3= J3,4 = 9.5Hz, H~3), 6.20 (d, 1H, &1,2=
3.5Hz, H-l), 6.87, 6.95, 6.98 (m, 2H, N=CHCH=CHPh), 7.2 ~ 7.6

(m, 5H, Ph) and 8.06 (app. d x d, 1H, J = 2Hz and 6Hz, N=CHCH=CH)
ppm; m.s. (CI/IB, 93° = 175°C) m/e: 282 (1006, (M + l)f - 3x60) ;
Anal. calcd. for Cp3H;;NOg: C 59.86, H 5.90, N 3.04; found:

C 59.79, H 5.90, N 3.05.
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g-Lactams (+)=-180 and (+)=-1815%51  (from a-anomer)

As in the preparatibon of g-lactams (+)-17¢ and (-)-175
(p. 157 ), Schiff base 179 (5.1 g, 11 mmol) in 40 ml of dry
CH,Cl, was treated with NEt; (14 mmol) and azidoacetyl chlo-
ride!3! (13 mmol) .in 5 ml of CH,Cl,. The mixture was diluted
with ether (100 ml), then washed with brine, 10% HCl, sat.
NaHCO3 (twice) and once more with brine. Drying and solvent
evaporation yielded 6.1 g (quantitative) of mixed g-lactams

180 and 181 as a beige solid. HPLC (Waters 440, MeOH/EtOAc/hex-

‘anes (0.1:20:80), 7.5 ml/min.) showed that this mixture consis-

ted of 86:14 major, less polar to minor, more polar diastereomer
with retention 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 1l and 14.5 min-
utes respectively.

The crude mixture of f-lactams was filtered through a short
silica gel column in 60% EtOAc/hexanes, and the solvent evapo-
rated. The residue was then triturated with anhydrous ether and
filtered, yielding 4.7 g (76%) of pure major g-lactam (+)~180. A
small quantity was recrystallized by adding hexgs to a solu-

tion in l:1 EtOAc/CH,Cl, giving white needles: or, less polar

B~lactam (+)-180: m.p. 165° - 165.5°C (dec.); [a],?3 +151°
(c 2, CHCly); i.r. (KBr) Vnax® 2100 (azide), 1770 (sh, g-lac~
tam), 1750, 1745, 1735 (acetates) and 1365 (COCH3) cm~!; and

(CHCl3) v ..° 2110 (azide), 1775 (B-lactam), 1760 (broad sh,

By
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acetates) and 1370 (COCHj3) cm~l; 200MHz !H.m.r. (CDCl,) 6:

including 3.96 (@ x d, J;,, = 3.3Hz, J,, 5= 11Hz, H-2) and 4.04

1.96, 2.05, 2.07, 2.10 (4s, 12H, 4x Odc), 3.92 - 4.2 [m, 38,  ? %

(d X d’ Js,ee = 2-3H2, Jsa,se = 12.4H2, H-Ge) ’ H-z’ H_s, H_Ge] ’

Pt T

4.27 (4 x'd, 1H, Js,¢q= 3.9Hz, Jg, ¢, = 12.4Hz, H-6a), 4.50,
‘ g

4.52, 4.54, 4.56 (app. d x d, X of a poss. ABXY pattern, 1lH, §

J = 8.8Hz, J,, = 5.2Hz, H-4'), 4.65, 4.67 (app. d, Y of ABXY, i

BX
1H, J

XY

= 5,2Hz, J < lHz, H-3'), 5.10 (app. t, 1H, J = 9.8Hz,

XYy BY
H-4), 5.76 (d x d, 1H, J, 3= llHz, J,,= 9.2Hz, H-3), 5.97,
6.01, 6.05, 6.09 (app. @d x 4, B of ABXY, 1lH, JAB = 16Hz, JBx =
8.8Hz, CHCH=CH), 6.27 (d, 1H, J) ,= 3.3Hz, H-1), 6.69, 6.77
(app. d, A of ABXY, 1H, J,, = léHz, Jpg < lHz, CH=CEPh) and
7.3 - 7.4 (m, 5H, Ph) ppm; m.s. (EI, 70ev, 76°C) m/e: 520 (0.1),
516 (9, mt - 28), 456 (8, Mt - 25 - 60), 143 (13) and 43 (100);
Anal. calcd. for C,gH,gN,019: C 55,15, H 5.18, N 10.29; found:
C 54.94, H 5.43,QN 10.50. .
Evaporation of thg ether filtrates gave 1.1 g (18%) of an
amorphous yellow solid consisting mainly of minor g-lactam (+)-181
plus some 180 and impurities (t.l.c., 40% EtOAc/hexanes). Al-
though this could not bhe crystallized, treatment with charcoal
followed by chromatography using 40% EtOAc/hexanes (1500 ml) ,
then 56% EtOAc/hexanes (500 ml) gave 0.37 g (8%) of pure minor

B-lactam (+)-181 as a white amorphous solid: minor, more polar -

g-lactam (+)-181: [a]D23 +10° (c 4, CHCly); 1i.r. (KBr) Vmax® }

2100 (azide), 1775 (sh, B-Iaétam), 1760 - 1740 (acetates), 1650

!
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(ArC=C) and 1365 (COCH3) cm~!; and (CHCl;) Vnax' 2110 (azide),
1775 (B-lactam), 1765 - 1750 (broad sh, acetates) and 1370
(COCH3) cm~!; 200MHz 'H.m.r. (CDCl;) 6: 2.02, 2.06, 2.08, 2.22,
(4s, 12H, 4x Qde), 3.91 - 4.2 [m, 3H, including 3.95 (4 x d,
Ji,2= 3.4Hz, Jp,; = llHz, H-2), H-2, H-5, H~6e], 4.28 (d x d,
1H, J5,64= 3-5HZ, Jgq, 6e = 12Hz, H-6a), 4.35, 4.37, 4.40, 4.42
(app. 4 x 4, X of an ABXY pattern, lH, Jgx = 9.4Hz, JxY = 5,1Hz,
xx = 5.1Hz, JBY <

1Hz, H~-3'), 5.06 (app. t, 1H, J = 9.7Hz, H-4), 5.73 (d x 4, 1lH,

H-4'), 4.75, 4.78 (app. 4, Y of ABXY, 1lH, J

J2,3 = 1llHz, J;,4= 9.2Hz, H-3), 6.11, 6.16, 6.19, 6.24 (app.

d x d, B of ABXY, 1H, J,, = 15.8Hz, = 9.4Hz, CHCH=CH) , 6.29

AB Ipx
(d, 1H, Ji,;= 3.d4Hz, H-1), 6.64, 6.72 (app. d, A of ABXY, lH,

Jap = 15.8Hz, Jax ¢ 1Hz, CH=CHPh) and 7.3 - 7.5 (m, 5H, Ph) ppm;
m.s. (EI, 70eV, 74°C) m/e: 521 (0.l), 516 (4, M*" - 28), 456 (5,

M*T- 28 - 60), 143 (26), 115 (30) and 43 (100): Anal. calcd.
for CpsHpgNyO,p: C 55.15, H 5.18, N 10.20; found: C 54.91,

H 5.24, N 10.11.

Aldehyde 187

The major B-lactam (+)-180 (2.2 g, 4.0 mmol) in 50 ml of
dry CH,Cl, was cooled to -70°C under nitrogen, and treated with‘
ozone (v36 t 4mmol/hr.) until the solution turned blue (15 min.}.
Nitrogen was bubbled through the reaction mixture for 5 minutes
to remove excess ozone, dimethyl sulfide (1.5 ml, 20 mmol) was

added and the solution allowed to warm to room temperature.
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After stirring for 24 hours, the mixture was diluted with 1:1
ether/hexanes, washed with brine, sat. NaHCO; (twice) to remove
‘t;z,benzoic acid (see p. 97 ), and once more with brine, then
dried and evaporated to yield 2.0 g of off-white solid.
Chromatography (60% EtOAc/hexanes) yielded a white amor-
phous solid which was dried over P,05 in vacuo for 18 hoprs to
give 1.65 g (89%) of aldehyde 147. A small amount of the dried
aldehyde was recrystallized from CHClj/ether (anh.): m.p. 140°
-143°C (dec.); [u]D23 +211° (c2, CHCly); i.r. (KBr) v . : 2105
(azide) , 1775 (g-lactam), 1770, 1735 (acetates) and 1720 (sh,
aldehyde) cm~!; lH.m.r. (CDCl;) 6: 2.04, 2.08 (s + bs, 12H,
4x OAe), 3.7 - 4.53 [m, 5H, including 4.45 (d x 4, J3v yr = 5.5
Hz, Jyr,s» = 3.5Hz, H~-4'), H-2, H-5, H-6, H-4'], 4.84 (4, 1lH,
J3+, 4+ = 5.5Hz, H-3'), 5.01, 5.16, 5.22, 5.26, 5.32, 5.37, 5.53
(m, 2H, H-3 and H-4), 6.18 (d, 1H, J, ,= 3.5Hz, H~1) and 9.46
(d, 1H, Jyr 5t = 3.5Hz, CHQ) ppm; m.s8. (EI, 70eV, 103°C), m/e:
463 (0.3), 448 (0.6), 442 (0.3, Mt - 28) , 291 (34) and 194
(100) ; Anal. caled. for C|gHp, N,O;;: C 45.96, H 4.71, N 11.91;

found: C 45.69, H 4.75, N 11.91.

Primary Alcohol 188 and Hemi-acetal-acetate 191 93,168

In a flame~dried 3 neck flask fitted with septa and a drop-
ping funnel, NaBH,-Alox%3 (4.0 g) and anhydrous Mgso, 168 (2 g)
were suspended in 4 ml of dry CHs€l, and cooled under nitrogen

in an ice-galt bath (~15°C). Aldehyde 187 (0.94 g, 2.0 mmol),
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which had been refluxed 1 hour in CH,Cl, using a modified Dean-
Stark apparatus filled with 3A molecular sieves, was transferred
in 5 ml of CH,Cl, via syringe to the dropping funnel, rins;;g
with another 2 ml of CH,Cl,. This solution was added dropwise
Eé the cold suspension err 20 minutes, and stirred a further
20 minutes at -15°C. )

T.l.c. (60% EtOAc/hexanes) indicated that aldehyde 187 was
reacting to give a more polar product, which was in turn, being
transformed into a compound. just s%ightly less polar than the
starting material. Filtration of the reaction mixturi through
celite, and evaporation of the solvent yielded 0.82 g of pa}e
yellow solid. Chromatography with 60% EtOAc/hexanes (1000 ﬁi)
followed by 70% EtOAc/hexanes (1000 ml) separated this solid
into 0.45 g (483) of the more polar, primary alcopol 188, and
0.3 g (32%) of a compound whose spectral characteristics indi-
cated it to be the product of transesterification, hemi-acetal-

acetate 191.

« Primary alcohol 188 was purified by precipitation from

EtOAc/hexanes, and then from CH,Cl,/ether (anh.) to give a
white granular solid: m.p. 166° - 171°C (dec.); [a] 23 +201°
(c 2, CHCl;3): ;.r. (KBx) Vnax 3470 (hydroxyl), 2110 (azide),
1770 - 1735 (a-lactam and acetates) and 1385, 1370 (COCH;) cm~l;
and (CHCl,) Vmax® 2120 (azide), 1775 (g=lactam), 1760 - 1750
(acetates) and 1380 (COCH3;) cm~!; IlH.m.r. (CDClj) 6: 2.04 .

2107' 2.17 (bs dnd 23, le' 4" OAG) [ 2041 (bs, 1H' ex_~
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L)
Changeable' OE), 3.7 - 4-5 (m’ 7H' H-Z’ H-S' H-S’ H"4., H"S') ’

4.61 (d, 1H, Jy .y = 5Hz, H-3'), 5.04 (bt, 1H, J = 9.5Hz, H-4),
5.78 (4 x d, 1H, J = 9Hz and 11lHz, H-3) and 6.25 (d, 1H, J) ;=
4Hz, H-1) ppm; m.s. (EI, 70ev, 135°C) m/e: 415 (0.6), 293 (9),
194 (100) and 152 (42); Anal. calcd. for C;gH,,N4,0;;: C 45.76,
H 5.12, N 11.86; found: C 45.59, E 5.10, N 11.69.

The hemi-acetal-acetate 191 was purified by recrystalli-

zation from EtOAc/hexanes twice to give a white powder:

m.p. 133.5° - 134.5°C; (ol %3 +94° (c 2.5, CHCl3); i.r. (KBr)

Vnax® 3380 (hydroxyl), 2120 (azide), 1780 -~ 1730 (8-lactam and

acetates), 1710 (acetate) and 1380 (COCH;) cm™}; and (CHCL;)
Vmax® 2120 (azide), 1770 (B-lactam), 1750 (acetates) and 1380
(COCH;) cm-!; 200MHz !H.m.r. (CDCl;) 6: 2.04, 2.05, 2.10,

2.13 (48, 12H, 4x OAe), 4.1 - 4.6 (m, 7H, H-2, H~5, H~6, H-4',

H"S'), 4062 (d’ lH, Js"“' = 5-3Hz, H-3‘)' 5-12 (bt' J.H, J = 8HZ, \

H-4), 5.26 (bs, 1H, H-1) and 5.45 (d x d, 1H, J = 9Hz and llHz,
H-3) ppm; m.s. (EI, l5eV, 48°C) m/a:} 446 (8), 444 (2, M' -
28), 211 (10), 180 (20), 113 (43) and 86 (100); Anal. calcd.
for C gHayN,Oy;: C 45.76, H 5.12, N 11.86; found: C 45.55,

H 5.26, N 12.06. (For preparation of 191 from 188 see p. 1639 .)

Penta-acetate 192 T~

Hemi-acetal-acetate 191 (31 mg, 0.067 mmol) dissolved in

1.4 ml of acetic anhydride/pyridine (2:5) was stirred at 25°C
for 18 hours!52. addition of solid NaHCO;, followed by normal

work-up and chromatography (55% EtOAc/hexanes) gave a syrup

U
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5.40 (bt, J = 10Hz, H-3) and 5.82 (d, J = 9Hz -1) ;7 m.s.

- ' 168

which on trituration with ether gave 16 mg (46% yield) of needle

v

crystals. Another 44% (15 mg) of 192 as a white powder was ob-

tained by evaporation of the ether: penta-acetate 1923:

m.p. 158.5° - 159°C; [o] 23 +175° (c0.7,CHCl3): 4i.r. (CHCLy)
Viay? 2120 (azide), 1780 (8-lactam), 1750 (acetates) and 1370
(COCH;) com™!; 200MHz !H.m.r. (CDCl;) indicated the presence of
both the a- and the B-anomer, with the a-anomer in excess (a to

B = 75:25); a=-anomer, 6: 2.04, 2.05, 2.09, 2.14, 2.21 (5s,

|
!

15H, 5x Ode), }.91 - 4.4 [m, 7H, including 3.95 (d x 4, J;,2 =

3-4“2, J2,3= lle, -2)' H-2y H-S, H-S; H"4" H-s’]' 4-66 (d,

14, J3',4' = 5.3Hz, H~3"], 5.07 (app. t, 1lH, J = 9.7Hz, H-4), ,
5.78 (d x 4, 1H, &, 3 = 11Hz, J3,, = 9.2Hz, H-3') and 6.26 (d, 1H,

J1,2= 3.4Hz, H~1) ppm; the qu:antity of g-anomer present was in-
ferred from the combined integration of the above plus the fol-

lowing; 6: 2.16, 2.18' (2s, 2x Ode), 4.71 (4, '3 = 5Hz, H=3'),

AR Ay e

(EI, 70ev, 108°C) m/e: 447 (0.1), 335 (1), 194 (1) and 86 (100) .

LIS ops——y

Masylate 189%

Methanesulfonyl chloride (0.06 ml, 0.08 g, 0.7 mmol) was
added to a cooled (~15°C) solution of primary alcohol 188 (0.33

‘g, 0.70mmol) in 3 ml of dry CH»Cl,, then NEt; (0.14 ml, 0.10 g,

1.0 mmol) was added dropwise over 5 minutes. The mixture was
stirred at ~15°C for a total of 45 minutes, poured into ice-

water and separated . foeiaqueous layer was extracted twice with

" CHzCl, and the combined organig phases washed with coid 10% HC1
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(twice), sat. NaHCO; and brine. Drying and solvent evapp}:ation'
gave 0.38 g °(99% crude), of off-white waxy solid. 'Cnromatographf
with 25% EtOAc/CH,Cl, (400 ml) then‘30%‘£t9Ac/CHZClg (200 ml)
yielded 0.34 g (90%) of 189 as a white'wax; 80lid which was
then crystallized from spectrograde EtOAc to("give fine needles:
m.p. 179° - 180.5°C (dec.); [a]y?® +163° (c 2, CHEl3):

i.r. (KBr) v : 2120 (azide), 1765 (sh, 8-lactam), 1740 (ace-
tates), 1365 (COCH3) and 1175 (sulfonate) cm!;, and (CHCl3)
Viax? 2120 (azide), 1780 (B-lactam), 1750 (acetates), 1370
(COCH3) and 1180 (sulfonate) cm™!; 200MHz !H.m.r. (CDCly) 6:
2.05, 2.07, 2.09, 2.21 (4s, 12H, 4x OAc), 3.13 (s, 3H, 0S0,CHj),
3.93 (d x 4, 1H, Jy,o= 3.4Hz, J, 3= llHz, H-2), 4.0~ 4.4 (m, 6H,
H-5, H-6, H~4', H-5'), 4.73 (d, 1H, Jyi 4+ = 5.2Hz, HZ3'), 5.07

Il

(d, lH' Jé,l}a 9.2H2, H—3) &nd 6.26 (d, lH, Jl’za_ 3.4H2, H—l)

ppm; m.s. (BI, 70ev, 78°C) m/e: 491 (0.1, M - 59), 371 “2),

194 (13), 15\ (10) and 43 (100); Anal. calcd. for Cjg H,gN,0}3S*
AR

C 41.46, H 4.7%, N 10.18, s 5.82; found: C 41.48,'H 4.76,

N 10.20, § 5.61.

Hemi-acetal-acetate 191 (from Primary Alcohol 188)

Primary alcohol 188 (0.24 g, 0.50 mmol) and 4-dimethylamino-.
pyridine (DMAP, 0.6 g, 0.5 mmol) were dissolved in 25 ml of dry
CH,Cl, and stirred at room temperature for 20 hours. The reac-

tion mixture was washed with brine, 4% HC1l and brihe, then drigd
and evaporated to give 0.21 g of crude (89%), off-white solid.
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Crystallization from EtOAc/hexanes yielded 0.18 g (76%) of a #

~white powder identical to the less polar product obtained from

the reduction of aldehyde 187, the hemi-acetal-acetate 191 (see
- — “

P

167 ).

Ethoxyethyl Glyc031de 202178

A catalytic amount of pyridinium tosylate (21 mg) was -

added to a mixture of hemi-acetal-acetate 191 (0.40 g, 0.84

mmol) and 0.5 ml of distilled ethyl vinyl ether (0.38 g, 5.2

mmol) in 5 ml of dry CH,Cl,.. The mixture was allowed to stand

at room temperature for 4 days. Even though t.l.c. (50% EtOAc/

hexanes) still showed the presence of some starting“material,

the mixture was boured into cold sat. NaHCO,, separatéd,\washed

%

with sat. NaHCOj;, then brine, dried (anh. K,C0;) and concen-

trated in vagouo to give 0.49 g of crude yellow oil. Chroma-

tography (50% EibAc/hexanes) allowed the recovery of 60 mg of

- starting material 191 (15%) as well as 0.31 g (67%) of 202 as

an oil: i.r. (film) v

nax 2105 (azide), 1770 (g-lactam), 1745

(acetates) and 1365 (COCH3) ¢m~!; IlH.m.r. (CDCly) §: 1.0 - 1.4

g

[m, 6H, including 1.19,(t, J = 7.5Hz, OCH,CH3), OCH(OCH,CH;)CH;,

2.03,72.08, 2.10, 2.11, 2.13 (58 of varying size, %ZH, 4x O4de of

mo;e than one isomer) and 3 1l - 5!8 [m, 14H, including 3.80 (q,

* J = 7.5Hz, OCH,Me)] ppm; m.s. (EI, 700V,‘140°C) m/e: 413 (0.1,

M

+o

- 89 - 42), 335 (16), 86 (70) and 73 (100).
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1) 03, -70°C

v
2) Me,s, =70°C to 25°C
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/

Jones reagent: 1) =-15°C, 10 min.

2) 19z*1°C,

NEt3, CH,Cl,, &

I3

PhCH,COOH, EEDQ

/

1




Ve
T., 1 hour
* S
. '.‘ Ms
t1y H
gt
N y H |
o/ \
. ' O OBn
1
* ¢
E o~
. \
N H H OMs
No
. OH
¢
orf v
O OBn
72
-

e e e

N el
O‘ oo
77
f ) ) \
¢

7\
O a—————
H H N H H
i’ N H I
N osi+- n
/——N CHCH, + N H. H e —
o :If o
O OBn 0 Bn
3¢ 93
v Ve
Pl
PH”




H NG

(+)-108

s e s s o e

NS
P N—
° J

o)
O
[o] +157°
(+)-20

Ph




i
a0 PR o, s . : > LLe i * R
BRE P A Sl L S L R T S A SR Do
LD AR . A e, a0 R DI AN
. - .
. N r '
1
, .- | . .
: L 1] v i ! !
' . 1 M
'l? - :
2 A - . “ -
! ’
- ~ *
- * '
) e S
r ’ '
, . ﬂ ‘ , 188
) o ' —‘ ’
- . R ” . N '
. ‘.l . -
N H . . o » «
LN 4 ’
3 * e ' )
R - ' “ f \
. u\
.
. . . b o
.. . it , ., s
B * :
N ¢ 3 " » > . ¢
1 «
. 1
. N
; oo )
. . i - )
2 . \f \ - 7
" . Lo /
} h ‘ ‘ ) ’
. S .
]
N » “ s
. - < ?
. ’ -
-
L4 . *
- ¢ ‘ )
< LY . :
} \ .
I a
L] ’ ! )
° - ’
B
. » “ N
s
- APPENDIX I1
- —
+ 2
<
. .
‘
7
L
. \ ‘
’ \
~
. ! w
i ' -
.
,
,
. .
or
' Al
. v
-
V N »
.
. -
.
g ' '
N
5 .
) &
s
.
. -
.
'
v - jod ! * .2
- L ot r LR R Yol oo A a1dgd R eE
. < RSN & o R (1




.t
[}

»

APPENDIX II - REAGENTS

T e

a. ' N,N'-dicyclohexyl-O-tert-butylisourea
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Cfclohexene, 10 Pd-C, EtOH, A
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PhCH=CHCHO, CH,Cl,: 1) A, 1.5 hours

2)’ MgSO, (anh.), R.T., 0.5 hour

NEtg, N3CH,COCl, -15°C
NEt,, N3CD2COC1 , —15°C
NEtg;, N3CD2COC1, " =15°C
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BnBr.,, DBU, benzene, A
HCl, anhydrous ether .
t-BuMe,SiCl, imidazole, HMPT

PhGH=CHCHO, CH,Cl,:~1) A, 1 hour
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d. 1N HCl, dioxane -
e. PhCH=CHCHO, NaOAc, 0°C
. f- NEtg, N3CH2COC1, _lsoc
. . -
. & -70°C &
g 3 ! 4
h. Me,S, R.T., 24 hours , .
Z. 2:1 NaBH,-Alox/MgSO, (anh.), CH,Cl,, —-15°C
. ! h .
Jj- 4-Dimethylaminopyridine, CH,;Cl,, 20 hours
k. , CH3S0,Cl, NEtj3, =-15°C
1. Ac,0, pyridine
m. Ethyl vinyl ether, pyridinium tdsylate, 4 days
¢ i
n. 50% NH3, MeOH ' AcO-
N Ac!
V. ) ) Ms0’
V- . o
1 \ ~

G




AcO~-
AcC

Ph\/

o . B
( AcO-
AcOD A
AcO
P‘h\l
7
it —————
AcO AcO
AcO ACO

a0’

v 2] - X e 4 > Tty R
Ty ¥ R PR T - T A



l

oL

T S R Y D P LA 7 " L

z
o “
o ,
< © .
© o o -
™~ b o N ‘
L -
< o T
=
4
[*]
o e — - . 1 3
< o x
x ) S
wn
+ -
g y "
w
Q o P :
: ) . X
o o < Zz z o
w - ©
o ~ o S . o “ M o
0 w ™ g 2z - r o o
= -4 I 1 / Q - >
—~ ) T — < =z 3 s i
; - ] £ Vg + QO « s, -
F 2 rid S e
% =1 \ — < " = &
o o c L3 .A .
] g x
0 < o ,
1 < =
< . a o d 0
a 2 <
[ .— e < ¢ n
. ;
Q L, \
o
< [}
¢ S
o . o 9 - o
. A Q
-] g A > < oo
1
2
S «
o < g o
°
g

Ac
?h



