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S u u r y :  
6aubstituted amino acids is reported uith applications in the area of oonobactam 
antibiotics. 

Access to optically active 3- and 3.4-aubstituted aretidinones and to 

k a group of medicinally important compounds, feu if any have corsnded the interest 
of synthetic organic chemists as the 6-lactam antibiotics.1 
fascinating molecules which spans close to half a century, la adorned uith remarkable 
achievements and milestone discoveries on several frontier areas of science. Nature 
continues to produce novel types of highly bioactive 6-lactam type antibiotics, thus 
challenging the laboratory scientist in m n y  disciplines. In response, the microbiologist. 
the chemist and other experts in related fields have joined forces in their quest to conquer 
these structures. vith the discovery of innovative isolation techniques and ingeneous 
synthetic strategies. Figure 1 illustrates the structures of several generations of 
naturally-occurring 6-lactam antibiotics. 

The history of these 

Figure 1 
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The penicillins and cephslosporins have been subjected to a relentless barrage of 
functional group and structural adificstion over the last several decades. Indeed. u c h  
novel chemistry h u  emerged 6s s result of these s udies and the benefits to mankind have 
been enormous. With the discovery of thienamycin,' a ember of the carbapenem group of 
6-lactam antibiotics, and an e t e m l y  potent antibscterisl agent. an enormous potential for 
synthetic exploration emerged.'If Crest efforts have been M d e  in chemical mdification in 
order to obtain more stable yet equally potent analogs. On a parallel front, ingeneous 
synthetic ochers have been devi ed which have culminated in a number of elegant syntheses 
of thienamycin and its  analog^."^ Structurally-related, but stereochemic 11 different 
analogs have a1  o been found in Nature as exemplified by the olivanic acidst :d the 
ssparenomycins. 9 
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k a r e s u l t  of deductive reasoning, t he  l a t e  R.B. Uoodward proposed the  r t r u c t u r e s  of 
t he  p e n e r ,  i n  which the  t h i s r o l i d i n e  r i n g  of t he  p e n i c i l l i n  nucleus was replaced by a A-2 
t h i a r o l i n e  moiety.@ 
were endowed with a n t i b a c t e  
side-chain was not present .  

After  a series of e l egan t  syntheses.  it was found t h a t  t he  p c n e u  
a1 a c t i v i t y .  even though the  t r a d i t i o n a l l y  accepted N-scylarino rB 

Figure 2 
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R = HI e t c  R = H, ap, st, e t c  

Uith the  e r r g e n c e  of thienamycin, it was not nu rp r i s ing  t h a t  t he  6-a-(a-hydroxyeLhyl) 
p e n e r  
s eve ra l  groupr,  
remarkable a n t i b a c t e r i a l  a c t i v i t y .  

and t h e ~ ~ , ~ n s l o g r  became t a r g e t s  for  syn thes i s .  Indeed. through the  e f fo r t .  of 
such nev-breed, hybrid B-lactam a n t i b i o t i c s  have proved to possean 

The newest e n t r i f g  i n  t h e  a r s e n a l  of medicinal ly  important S-lactam a n t i b i o t i c s  are t h e  
Their  mnocyc l i c  s t r u c t u r e s  ba f f l ed  tho re  who for years  no-called m n o b a c t a u  

maintained t h a t  t he  somewhat s t r a i n e d  b i c y c l i c  r t r u c t u r e  of B-lactam a n t i b i o t i c r  was a 
p r e r e q u i r i t e  f o r  a n t i b i o t i c  a c t i v i t y .  

(Figure 3). 

Their n t r u c t u r a l  s impl i c i ty .  compared t o  o the r  

Flgure 3 
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older rmbera of this class of compounds. led to expeditious and efficient syntheses of the 
3(~)-3-aminoatetidinone ring'' and its analogs. l o  

The noc dicins are another family of biologically active monocyclic 8-lactam antibiotics." Several other newe$oatructurea have emerged, including some vith a cia 
junction at the C-3/C-4 positions. 

Soon after the discovery of the nocardicina.2f:~fral groups reported on their studies 
directed toward the synthesis of this antibiotic. Se ral workers have reported on 
synthetic approaches to the +amino nocardicinic a~ida.~~-'~ Ring closure wan effected by 
intramolecular attack of a nitrogen atom on the terminal c r on atom bearing a transient or 
auitab& fffixed leaving group. The Mitsunobu proced~re,~~'~' d9 th h roxamate 
method ' and other neutral or base-catalyzed ring closure methods"" to form 
aretidinones have had a great deal of success. The mnobactamn and the 4-substituted 
aretidinone derivatives have also been ayntheaized by the same ring c mure techniques, 
particularly via 0-alkyl-hydroxaoatea and hydroxamate sulfonic acids." This follows 
initia observationa made vith O-alkyl hydroxamic acid derivatives of B-hydroxy amino 
acids." The NH hydrogen in these derivatives is arch more acidic than in the case of 
amides, hence its greater nucleophilic character during the ring closure process With 
other N-protecting groups, cycliration may alao be accompanied by aide-reactions" such as 
elimination (giving dehydroamino acids) or aziridine formation (Figure 4). 

Flgure 4 
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Development of a Novel Leaving Croup - Applications to the Synthea 

(Milior) 

As discussed above. it is clear that ruetidinone formation by intramolecular attack of 
an "amide"-type NH onto the terminal carbon atom of a serine derivative for example depends 
not only on the pKe of the NH group, but also on the nature of the leaving group on the 
distal carbon atom. 

Traditionally leas emphasis has been placed on the development of leaving groups in 
nucleophilic diaplacemt reaction. In recent years, tri ate. have proven to be excellent 
leaving groups, and many applications hav been reported." Recently, we reported on the 
O-ilidarolylaulfonate(ilidarylate) group,f0 which by virtue of it8 structure and 
functionality. presents a different notion of reactivity an a leaving group, bringing into 
play. kinetic and thermodynamic parartera (Figure 5). 

It therefore occurred to ua that the imidarylate group might be an excellent leaving 
group for the intramolecular formation of atetidinones. In this regard it van of interest 
to see if an aride function could be used .e an internal #cleophile without the unwanted 
aide-reactions of elimination and/or arlridine formation. As a prototype for this 
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Figure 5 

t h i a  react ion.  we chose N-Cbr-L-oerine p-methoxyphenylamlde (Figure 6 ) .  
aulfonyl  ( b i a - i d d a r ~ l e ) ~ ~  i n  MF containing 
corresponding azct idinone toot place a t  -40'.spdoxidative r e w v a l  

When t r ea t ed  wi th  

of t he  p-methoxyphenyl 
ium hydride,  a.oo~g conversion i n t o  the  

Figure 6 
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group gave the  k n ~ v n , ~ ~  c r y a t a l l i n c  3(~)-3-benryloxycarbonyladno a re t id inone  i n  good 
o v e r a l l  yield.  
t h i a  type of ring-cloaure i n  a p i t a  of the low nuc leoph i l i c i ty  of the NH group of t he  a d d e .  
It la a l a o  important to note  that l i t t l e  i f  any el iminat ion u u  observed under t h e  
cond i t ion i  of t h e  react ion.  
3-pOOitiOn. 
3-a.inonocardicinic acid i n  our l abo ra to r l ea ,  and o the r  app l i ca t ioaa  are undoubtedly 
poaaible  i n  t h i a  f i e ld .  

An approach t o  t h e  Honobactau from Carbohydrate Pracuraora 

In  e u d n i n g  the  a t e r e o c h e d c a l  f e a t u r e s  of 4 -nub . t i t u t ed  a r e t i d  
t h e i r  funct ional  c h a r a c t e r l a t i c s  t o  appropr i a t e  ayn the t i c  precursors," it occurred t o  US 
t h a t  r e l a t i v e l y  eaay m c e r a  could be enviaaged by conaider ing open-chain, amlno augar 
de r iva t ivea .  

It was t he re fo re  evident  that t h e  imldarylata  group wan n ice ly  au i t ed  f o r  

F u r t h a r w r c ,  no de tec t ab le  e p i u r i z a t i o n  had taken p l ace  a t  t h e  
The aams s t r a t e g y  haa a lao  been aucceaaful ly  app l i ed  f o r  t he  ayntheaia  of 

onea, and i n  r e l a t i n g  

We have p re  oualy d a w n a t r a t e d  t h e  u t i l i t y  of carbohydratea i n  a formal 
ayntheaia  of thienamycin. K6 

Thus, by taking uthreonam" a8 an i n i t i a l  t a rge t .  we can Bee t h a t  t h e  t h r e e  carbon 
a t o m  of the I-lactas r i n g  could converge with C-1-C-3 of Z-arlno-Z-daoxy-%lucoae 
(Figure 7). Therefore,  t he  w i n  chal lenge reaided i n  being a b l e  t o  e f f e c t i v e l y  chain-extend 
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Figure 7 

Imui 

from the aldehyde end, thua introducing the C-4 substituent as well u a locua for ring 
closure. It w u  anticipetcd that a Grignard reaction might in fact prove to be 
stereonelective, particularly in view of a Cram-type approach. n the readily available 
aldehydo derivative of 2-benzyloxyearbonylamlno-2-deoxy-D-glucoa~' W A ~  treated with various 
Crignard reagents. preponderant to exclusive attack took place from the anticipated face of 
the ldehyde carbonyl to give the correaponding 6-hydroy amlno sugar derivatives (Figure 
8)." In the cane of the rthyl derivative, a 4 : 1  ratio of isomers wan obtained. The 

Figure 8 

R = Y .  - L-throonino 
Et L -  Ethyl 8 0 d ~  
iA L- loopropy1 morlm 
Ph L- Phony1 awlno 

major product u u  correlated with authentic L-threonine. Uith ethylmagnesium bromlde, the 
correaponding ethyl derivative w u  obtained in a 9:l ratio. The major iaomr w u  then 
transforrd into the corresponding optically active 3-amino-4-ethyl aretidinone derivative 
by a sequence involving introducton of a potential 6-amino group $8. wide), oxidative 
dagradetim of the polyol. and ring closure by the Ohno procedure (Figure 9). It should 
be noted that a n mber of other 6-hCtAm ring closure rthods were sttsmptcd, but with 
limited success." Also. the biologically active trans-3-(S)-N-substituted-4-(~)-ethyl-2- 
om-1-aretidine-liulfonic acid is deacribed u the DL-compo~nd." Hence our approach 
provides accesa to an optically active ircdiate precursor. 
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Figure 9 

R = h ,  m:2 
'Et , m:1 7 

L - throonlm 

Bulkier Crignard reagents gave higher stereoaelection (-1OO:I) an is evident in the 
cane of phenylugnesium bromide. In this case, oxidative de adation should lead to 
L-phenylaerine, an amino acid which i r  not readily available'. 

The above dercribed strategy uses a portion of the carbohydrate framerwork. its 
inherent functionality and stereochemistry to control a new c u y m t r i c  center. 
easy access to LI-aubstituted amino acids, with excellent stereochemical outcome. 
disadvantage in that three carbon a t o n  of the original carbohydrate (C-44-61 have to 
be sacrificed during the oxidative degradation process which generates the 
2,3-disubstituted-2-amino acids. 
readily available and inexpensive, and the obvious synthetic spplicationr. the burning-off 
of two ssymetric centerr can perhaps be tolerated in this case. 
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