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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. 
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Nuclear Analogues of j3-Lactam Antibiotics. 2.  
T h e  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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Table I .  Minimum Inhibitory Concentrations (MIC) Expressed in kg/mL 

Staph. Kleb. Salmonella Serratia Enterobacter 
aureus Strep. E. coli pneumoniae paratyphi marcexens aerogenes Enterobacter 
SK&F faecalis SK&F SK&F ATCC ATCC ATCC cloacae 

Compound0 23390 IIH 34358 12140 1200 12176 13880 13048 HH 31254 
R C O N e Y s  H 

12.5 >200 12.5 6.3 3.1 200 25 25 
0 

CO?H 
12 (racemicP 

1.6 100 25 3.1 3.1 >200 >200 >200 
R C O Z G ?  

0 

2l(6R-7R) 
CO,H 

6.3 >200 100 50 50 >200 >200 >200 

C0,H 
P (6R-7R) 

u R  = 2-tliienylmethyl for all three compounds. b o n e  isomer of 12 would be expected to have twice the activity of the racemic mixture. 

C6H5 + thienyl + N H  + CH=C), 6.65 (s, CHPh2), 5.4 (dd, 
56.7 = 5 Hz, J ~ . N H  = 6 Hz, C-7H), 3.7 (m, C-6H), 3.65 (s, 
CH2CO), 2.65 (m, CH2S); UV X M ~ O H ~ ~ ~  307 nm. Cleavage 
of the benzhydryl ester (CF3C02H, 0 OC, 1 h) gave crystal- 
line dl-cis-7-(2-thienylacetamido)-8-oxo-4-thia-l-azabi- 
cyclo[4.2.0]oct-2-ene-2-carboxylic acid (12): mp 206-210'; 
N M R  (acetone-ds) 6 7.85 (d, J = 8 Hz, NH), 7.25 (q, thienyl 
C-4H), 6.95 (m, thienyl + SCH=C), 5.55 (dd, 56 .7  = 5 Hz, 
C-7H), 3.95 (m, C-6H), 3.85 (s, CH2CO), 3.1 (m, CH2S). 

A functionalized C-3 methyl group, as is present in naturally 
occurring cephalosporins, generally leads to compounds pos- 
sessing enhanced gram negative antibacterial a ~ t i v i t y . ~  
Therefore, the synthesis of corresponding derivatives in  the 
synthetic isocephzlosporin series was undertaken. Using a route 
analogous to that described above, thiol 13 was prepared from 
amine 5. Addition of tert-butyl 3-brom0-2-oxobutyrate~~ gave 
a mixture of two diastereomeric carbinolamides 14. Acylation 
of the mixture ((CF3C0)20, pyridine) caused dehydration of 
one of the diastereomers to afford 15 in  24% yield: IR (film) 
1780 (P-lactam), 1705 (ester) and 1665 cm-l (amide); NMR 

= 7 Hz, C-7H), 4.52 (s, OCH2CO),4.0 (m,C-6H), 2.8 (m, 
CH2S),  2.2 (s, CH3), 1.5 (s, C(CH3)3). The unreactive car- 
binolamide diastereomer, which was recovered unchanged, 
presumably was the 3P-methyl isomer. Acids 16 and 17 were 
obtained by ester cleavage (TFA, anisole, 0 OC, 1 h). Func- 
tionalization of the C-3 methyl was achieved by free radical 
bromination" (NBS, AIBN, or (CsH5C02)2; CC14, 70 OC, 
2 h )  of the ester 15. The isolable, but unstable, 3-bromomethyl 
derivative 18 (NMR (CDC13) 6 4.4 (ABq, J = 10 Hz, CH2Br) 
reacted with potassium acetate (acetonitrile, 18-crown-6, room 
temperature, 1 h)I2 to give the 3-acetoxymethyl ester 19: IR 
(film) umax 1770 (P-lactam), 1745 (acetate), 1695 (ester), and 
1670 cm-l (amide); N M R  (CDCI3) 6 7.0 (m, C6H5 + NH) ,  

Hz, C H ~ O A C ) ,  4.5 (s, OCH2CO), 4.0 (m, C-6H), 2.85 (m, 
CH2S), 2.05 (s, CH3CO), 1.5 (s, C(CH3)3). Removal of the 
tert-butyl ester (CF3C02H, CH2C12, room temperature, 1 h) 
gave dl-cis-7-phenoxyacetamido-3-acetoxymethyl-8-0~0-4- 
thia- 1 -azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 20: IR 
(CH2C12) umax 1765 cm-' (P-lactam). 

All of the isocephalosporin acids, with the exception of 16, 
exhibited good antibacterial activity against B. subtilis and 
penicillin resistant Staphylococcus aureus. Table I compares 

(CDC13) 6 7.0 (m, CsHs -I- NH) ,  5.4 (dd 56.7 = 5 Hz, 5 7 - N H  

5.4 (dd, J 6 . 7  = 5 Hz, 57.NH = 6 Hz, C-7H), 4.95 (ABq, J = 14 

H H H  
CHS-I  C,H50CH2CON w CGHSOCHzCON 

) - A H  
0 
13 14,R = t-Bu 

16, R = H 

CO,R 
15, R = t-Bu; X = H 
17,R = H; X = H 
18, R = t-Bu; X = Br 
19, R = t-Bu; X = OAC 
Z O , R = H X = O A c  

the antibacterial spectrum of racemic 12 to the analogous, 
optically active cephalosporins 2113 and 22 derived from nat- 
ural sources. Thus, unlike the I-oxacephalothin and 1 -carbo- 
cephalothin nuclei whose antimicrobial activity directly par- 
allels the natural n ~ c l e u s , ' ~  the totally synthetic 12 appears 
to be generally more active than the natural nucleus against 
the gram negative bacteria while showing somewhat dimin- 
ished activity against Staph. aureus and Strep. faecalis. 
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Decarboxylative 1-Aza-1‘-oxa [3,3]Sigmatropic 
Rearrangements of Enolizable or Enolized 
N-Aryl-N,O-diacylhydroxylamines to 
o-(hrAcy1amino)aryl Ketones, Esters, and Amides: 
a New Synthetic Method for Ortho Alkylation 

Sir: 

The introduction of allyl substituents into the ortho position 
of phenols by the Claisen rearrangement of allyl aryl ethers 
is a long-known and effective synthetic process.’ Although the 
scope of the more recently discovered amino-Claisen rear- 
rangement for the synthesis of ortho allyl anilines is at present 
less well defined,2 the high temperatures or acid catalysts 
usually employed for this reaction would appear to impose 
certain limitations on its utility, and indeed a number of side 
reactions have already been enco~ntered.~ The ortho alkylation 
of anilines may also be accomplished through [2,3]sigmatropic 
rearrangements of N-aryl azasulfonium ylides albeit with a 
subsequent reduction to remove the sulfur function from the 
side chain4 We wish to report a new regiospecific synthesis of 
anilides having carbonyl-functionalized alkyl groups in the 
ortho position by means of 1-aza-1’-oxa [3,3]sigmatropic re- 
arrangements5 of enolizable or enolized N-aryl-N,O-dia- 
cylh ydroxylamines. 

Although a number of reactions which appear to involve 
rearrangements of this type has been reported in the litera- 
t ~ r e , ~ ? ’  apart from the acid-catalyzed isomerization of 0-aryl 
ketoximes to o-hydroxyphenylketimines or benzofurans,6c the 
synthetic applications of this 1’-aza analogue of the Claisen 
rearrangement have been restricted. One factor which has no 
doubt impeded the exploitation of this inherently exothermic 
transformation8 is the instability of the requisite N,O-divinyl- 
and N-aryl-0-vinylhydroxylamines. Accordingly we choose 
to model our initial approach after the Carroll r e a ~ t i o n , ~  a 
variant of the Claisen rearrangement in which the vinyl ether 
grouping is generated simply by enolization of an allyl aceto- 
acetate. 

N-Aryl-N-hydroxyamides ( l ) ,  readily available by partial 

Scheme I 
0 0 0 

I CbHEOCH,CO,H, 1 
X JXC X X 
1 2 3 

X R R  Yield (%) Yield (%) 

71  
I 1  
-a 

81 d;CH,  CHI cHi3 
e,  CH, CH, C,H, -a 

f , C H ,  C,H, CH, 88 
85 g ,  c1 

h,CO,CH, CH, CH, 70 
CH, CH, 

55 
46 
5 1 b  
82 
506 
61 
44 
40 

a Yield not determined at this stage. b Overall yield from 1 

reduction of nitroarenes to N-arylhydroxylamineslo*ll and 
selective N-acylation,’ 1 - 1 2  are transformed into 0-acetoacetyl 
derivatives (2) by reaction with diketene in the presence of a 
catalytic ainount of triethylamine (1.1 equiv of diketene, 1 : 1 
chloroform-ether, 0 OC, overnight). The two phenyl substi- 
tuted intermediates (2c and 2e) were obtained in a comple- 
mentary manner by the dicyclohexylcarbodimide(DCC)- 
induced condensation of betlzoylacetic acid with the appro- 
priate N-hydroxy amides. Since these compounds proved, with 
two exceptions, to be liquids and rather unstable, they were for 
the most part purified only by extraction (5-10% sodium bi- 
carbonate) to remove any unreacted N-hydroxyamide and 
characterized chiefly by infrared and NMR spectral data.I3 

When heated in toluene at reflux temperature (-1 10 “ C  for 
30-90 min, the &keto esters undergo decarboxylation and give 
rise to o-(N-acy1afnino)aryl ketones (3) as major products in 
40-82% yield after purification by chromatography on silica 
gel.13b*14 Two of the products were identified as the known 
2’-acetonylacetanilide (3, X = H; R = R’ = CH3; mp 134-1 36 
OC)ISa and 2’-acetonylbenzanilide (3, X = H; R = C6H5; k’ 
= CH3; mp 115-1 17 oC)15b by the correspondence of meltifig 
points and spectral data. The structural assignments for the 
others are based upon the similarity of the spectra and analo- 
gy. 

According to the analogy with the Carroll r e a ~ t i o n , ~  one 
plausible mechanism for this reaction consists of a [3,3]sig- 
matrohic rearrangemeht of the ketene hemiacetal tautomer 
4, prototropic rearomatization, and decarboxylation of the 
resulting 6-keto acid intermediate. Although the apparent 
absence of appreciable amounts of the pata isomer of 316 would 
seem inconsistent with a dissociative mechanism involving free 
radicals or ions, the possibility of radical or ion pair pathways 
cannot be discounted. It is pertinent to note that these reactions 
occur at much lower temperature (-1 10 “C as opposed to 1 
150 “C) than is required to isomerize N-aryl-N.0-diacylhy- 
droxylamines to o-acyl~xyani l ides~~ and that there are indi- 
cations that the ortho alkylation step precedes decarboxylation 
(see below). 

Hydrolysis of four of the o-(N-acy1mino)aryl ketones (3a, 
3c, 3d, and 3g) with 10% hydrochloric acid in 95% ethanol for 
15 min at reflux afforded the corresponding substituted indoles 
in 79-91% yield, a reaction which provides both additional 
support for the structures proposed and a practical application 
for the 1’-aza Claisen rearrangement. In this connection it is 
noteworthy that the uncyclized ketones (3) produced in this 
ortho alkylation reaction (2 - 3) may be isolated and, in 
principle, utilized for other purposes, in contrast to the spon- 
taneous cyclization which occurs in the Fischer18 and Gass- 
man4b,d indole syntheses. The only alternative synthesis of 
o-(N-acy1amino)aryl ketones (3) of which we are aware 
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