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Nuclear Analogues of &Lactam Antibiotics. 1. 
The Total Synthesis of a 
7-Oxo- 1,3-diaza bicyclo[3.2.O]heptane-Zcarboxylic 
Acid via a Versatile Monocyclic 
&Lactam Intermediate 

Sir: 
The search for more effective antibacterial agents has led 

to the partial synthesis of a vast number of penicillin and ce- 
phalosporin derivatives which differ primarily in the nature 
of the acylamino substituent at C-6(7) and, for cephalosporins, 
the substituent at C-3. Analogous structures with more pro- 
found modifications, particularly new ring systems, are of 
considerable interest because they have the potential of offering 
improved therapy and may be useful in determining the 
mechanism of action of the p-lactam class of antibiotics. Only 
a limited number of such nuclear analogues are known because 
the preparation of each requires either extensive degradation 
and resynthesis starting from the natural products] or a mul- 
tistep total synthesis.2 We have developed a versatile mono- 
cyclic @-lactam intermediate3 which allows for the synthesis 
of a wide variety of biologically active nuclear  analogue^.^ The 
stereoselective synthesis of this key intermediate (1) and its 
subsequent conversion to a bicyclic structure (2) which in- 
corporates some important features of the penicillins is the 
subiect of this communication. 

H H H  
PhOCH,CON H COOCH, PhOCH2CON 

1 COOH 
2 

Addition of the mixed anhydride of azidoacetic acid and 
trifluoracetic anhydrideS to a mixture of triethylamine and the 
imine formed from 2,4-dimethoxybenzylamine and methyl 
glyoxylate afforded cis-azido-&lactam 36 (58%; mp 82-84 OC; 
XmaxNUJol 4.72 (azide) and 5.62 p (p-lactam CO); 6 ~ ~ ~ ~ i ~ ~ ~ ~ 3  

4.08 and 4.68 (d, J = 5.5 Hz, 8-lactam C-H's)) with none of 
the trans isomer detected. The conversion of azide 3 into 

3 4 

- - 1  

DMB 0 

5 

phenoxyacetylamide 1 was accomplished in the following 
manner. 

Catalytic hydrogenation of azide 3 (10% Pd-C, EtOH, 60 
psi, 40 OC, 2 h) afforded the amine 4 as a clear gum which was 
acylated with phenoxyacetyl chloride7 (EtsN, CH2C12,O OC, 
1 h) to give amide 5 in 84% yield for the two steps. The P-lac- 
tam nitrogen was conveniently deblocked by oxidative cleavage 
with buffered potassium persulfate* (4 equiv of K2S208, 2 
equiv of Na2HPOq7H20,40% aqueous CH3CN, reflux, 1 h) 
to afford phenoxyacetylamide 1 [(69%; mp 140-141 OC; 
XmaxNUJoI 5.63,5.73, and 6.00 p; 6 ~ ~ ~ ~ , ~ ~ 2 ~ ~ . ~ 6  CDC13 3.59 (s, 

5.33 and 5.50 ((d, J = 6 Hz, C-3H) also split by C-3 N H  (d, 
J = 10 Hz)); m/e 278 (M+) and 235 (M+ - 43))]. 

Intermediate 1 is well suited for conversion into a variety of 
p-lactam antibiotic nuclear analogues which possess structural 
features believed necessary for good antibacterial a ~ t i v i t y . ~  
The 7-oxo- 1,3-diazabicyclo[3.2.0] heptane-2-carboxylic acid 
system 2, a penicillin nuclear analogue, was selected as an in- 
itital synthetic target. 

Selective sodium borohydride reductionlo of the methyl ester 
of 1 afforded alcohol 6 (79%; H20-THF, 0 OC, 1 h) which was 
converted into the tosylate derivative (7) (79%; p-TsC1, pyr, 
0 "C). Sodium iodide displacement gave iodide 8 (85%; NaI, 
acetone, reflux, 6 h) which was subsequently displaced with 
azide ion to yield azide 9 (75%; NaN3, DMF, 25 OC, 48 h). 
Catalytic hydrogenation of 9 (1 0% Pd-C, EtOH, 25 OC, 2 h) 
followed by condensation of the resulting amine (10) with 
benzyl glyoxylate (MgS04, CH2C12, 25 OC, 2 h) afforded 
crystalline imine 11 (65%; mp 129-131 OC; XmaxNuJol 5.62, 
5.69, and 6.01 p; 6Me4SICDC13 3.65 (m, -CH2N=CH), 4.05 (m, 
C-2H), 4.45 ( s ,0CH2CO),  5.20 (s, COOCH2Ph), 5.36 and 
5.52 (s, J = 5.5 Hz, C-3H coupled to C-2H and CONH), and 
8.00 (d, J = 9 Hz, CH2CONH); m/e 395 (M+), 304, 260, 
217). Treatment of 11 with acetyl chloride (CH2C12, pyr, 0 to 
25 "C, 2 h) resulted in acylative cyclization to give benzyl ester 
12 (mp 148-150 OC; XmaxYuJo' 5.57, 5.75, 5.96, and 6.15 p; 

COOCH2Ph), 5.40 (m, C-6H), and 5.93 (s, C-2H); m/e 437 
(M+), 302,274, 247, 232,205,69) in 16-20% yield after pu- 
rification by either column chromatography or fractional 
crystallization. IH NMR spectral evidence indicated that 12 

COOCH3), 4.35 (d, J = 6 Hz, C-2H), 4.48 (s, PhOCHZCO-), 

6 ~ e 4 ~ i ~ ~ ~ ~ 3  1.93 ( S ,  COCH3), 4.52 (s, PhOCH*CO), 5.15 (s, 

H H H  _ _  ~~ 

H H  

COOCH2Ph 
6,X=OH 
7,x=oTs 
8 , X = I  
9,X=N3 
IO, X = NH2 
11, X = N=CHCOZCH,Ph 

12 
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was a mixture (ca. 3: l )  of carboxylate epimers. Quantitative 
cleavage of the benzyl ester was effected by catalytic hydro- 
genation (10% Pd-C, EtOAc, I atm, 25 "C) to give the desired 
acid 2 (XmaxNUJoI 5.56, 5.76, and 5.97 y) as a mixture of car- 
boxylate epimers which were unstable in aqueous solution (t 1/2 
= 2 h; 37 OC; pH 7.0). Despite its instability acid 2 did exhibit 
antibacterial activity against selected gram-positive and 
gram-negative organisms. Growth inhibition of Bacillus 
subtilis. Staphylococcus aureus, and Shigella paradysenteriae 
was observed a t  concentrations of 10, 100, and 400 pg/mL, 
respectively. 

Acknowledgment. We are grateful to Mr. Donald H. Pitkin 
for the in vitro microbiological data presented in this paper. 
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Nuclear Analogues of j3-Lactam Antibiotics. 2.  
The  Total Synthesis of 
8-Oxo-4-thia- l-azabicyclo[4.2.0]oct-2-ene-2- 
carboxylic Acids' 

Sir: 
The microorganisms which produce penicillins and Ce- 

phalosporin C are capable of producing a limited number of 
structural modifications; molecules in which the basic het- 
erocyclic ring system is altered are primarily accessible only 
by total synthesis. We have developed a synthetic approach to 
such nuclear analogues which allows the stereospecific total 
synthesis of a number of widely divergent structural types from 
a single monocyclic 0-lactam precursor.la,2 In this communi- 
cation, we report the total synthesis of the cis-8-oxo-4-thia- 
1 -azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid (isocephalo- 

sporinIb) nucleus 
approach. 

which illustrates the versatility of our 

CO,H 
1 

The monocyclic cis-azetidinonela 2 incorporates both the 
desired cis stereochemistry as well as the necessary function- 
alization for subsequent transformation into 1. The @-lactam 
nitrogen was deblocked by oxidative cleavage (K2S208, pH 
5-6.5) to afford 3 in high yield.Ia Selective reduction4 of the 
methyl ester with sodium borohydride and tosylation of the 
resulting alcohol gave cis-2-(3-azido-4-oxoazetidenyl)methyl 
tosylate (4). Reduction of the azide (zinc-acetic acid) and 
coupling of the resulting amine 5 with thienylacetic acid af- 
forded amide 6: IR (Nujol) umax 1755 (p-lactam), 1665 cm-I 
(amide); N M R  (CDC13) 6 8.75 (d, J = 7 Hz, NH),  8.4 (s, 
p-lactam NH),  6.8-8.0 (m, C6H5 + thienyl), 5.1 (dd, J = 4 
Hz,7 Hz,C-3H), 3.8 (m,CH2-O + C-2H), 3.6 (s,CHzCO), 
2.4 (s, CH3). Transformation of 6 to the corresponding thiol 
9 was achieved by conversion to iodide 7 (sodium iodide, ace- 
tone), displacement of the iodide with the sodium salt of trityl 
mercaptan, and cleavage of the resulting thioether 8 (silver 
nitrate, methanol).6 

Alkylation of thiol 9 with benzhydryl @-bromopyruvate' 
afforded the intermediate carbinolamide 10 (IR (film) 
ulnax 1770 (p-lactam), 1750 (ester) and 1650 cm-' (amide)) 
which on dehydration with thionyl chloride-pyridine gave 
ester 11 in 14% yield? IR (film) umax 1760 (p-lactam), 17 I O  
(ester), and 1670 cm-' (amide); N M R  (CDC13) d 7.2 (m, 

4, R = N, 
5, R = H2N 

2 R = C H 2  P O C H ,  

OCHj 
3 , R = H  

10 

ll,R = CHPh, 
l Z , R = H  
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