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Summary A convenient drrect transformation of P-nitrobenzyl 6-(l'-hydroxyethyl)-l-azabicyclo- 
(3.2 O)heptane-3,7-dione-Z-carboxylate to z-formimldoyl thienamycln utilizing the silylated 

derlvatlve of &J-formlmtdoyl cysteamine is descrIbea 

Derlvatizatlon of the amino group In thlenamycin' (.) has resulted In the stable crystalllne 

E-formlmldoyl thlenamycln' (2). The derlvatlve (2) was selected for cllnlcal studies on the 

basis of Its Improved In vitro and In vlvo antIbacterIa actlvlty and chemical stability versus -- -- 

thlenamycln, as well asIts enhanced in vlvo actlvlty against Pseudomonas aerugmosa3 The -__ 

current synthesis of2 relies on the derlvatlzatlon 

H”H H 

of unstable&wlth methyl formlmidate in an aqueous 

solution at pH 8 2 followed by isolation using a Dowex 

= 4 
a = 

+?- 

50 x 4 resin column We now wish to report a convenient 
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0 7y1: 

3 s_NHR 
direct transformation of P-nitrobenzyl 6-(l'-hydroxy- 

ethyl)-1-azabicyclo(3 2.0)heptane-3,7-dlone-2- 

COOH carboxylate (3)' to&without forming unstable 

thienamycln In principle, the direct transformation 

(8R, 6S, 5R) of 3_toL requires the prior preparation of N- - 

formlmldoyl cysteamlne (2) This proved to be a 

1' R=-H formidable task The attempted reactlon of cysteamlne 

Z 
R =-CH=NH with benzyl formimidate hydrochlorlde5 (&) in 

acetonitrile in the presence of N,N-diisopropylethyl- -- 

amine afforded A*-thiazollne and s-trlazine as the - 

only isolable products under various reaction condltlons6. The formation of A'-thiazolme 

Indicates the formation of 5 with subsequent elimination of ammonia via the cyclic tautomer (A) 

To inhibit this elimination and maintain the stabllrty of 3 the reactlon of the &J-protected 

benzyl formlmldate with cysteamlne was investigated The reaction of E-@'-p-nltrobenzyloxy- 

carbonyl)benzyl formlmidate (5b), obtained in situ from the reactlon of &wlth E-nitrobenzyl -- 

chloroformate In acetonitrlle in the presence of iJ,g-dllsopropylethylamlne, with cysteamlne 

gave crystalllne s (mp 50-58OC) In 56% yield accompanied with A'-thlazollne Although 

'H NMR of $& at ambient temperature showed no SH slgnal, low temperature studies (-35°C) did 

show an SH triplet. In addition, the tic of 4J (S102/hexane ethyl acetate = 6 4 v/v,Rf = 0 36) 

lndlcated a posltlve test against Ellman's reagent suggesting the existence of an SH group 
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Based on carbon-13 iVMR studies the product was tentatively asslgned as an equillbrlum mixture 

of IJ-(N'-E-n~trobenzyloxycarbonyl)formlmldoyl cysteamlne (s) and Z-g-(p-nltrobenzyloxycarbonyl)- 

amlnothlazolldlne 6b _ This type of ring-cham tautomerism has previously been reported in the 

case of thlazolidines 7 and lmldazolldlnes 8 It was reasoned that this equilibrium could be 

displaced by capturing the open chain form with enol phosphate (JJ This was indeed the case. 

The reactlon of the equlllbrium mixture with_Lgave !+formlmldoyl thlenamycin (2 In 54% yield9 

after removal of the E-nltrobenzyl protectrng group by catalytic hydrogenation. Unfortunately, 

decomposition of 4h due to the intramolecular elimination" of p-nltrobenzylcarbamate to form 

A'-thlazolme 1s still significant 

HS~NHz I-U 

+ 

PhCH,O 

k= 
N-R 

H 

2 

a R=H 
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Our efforts were therefore drrected at the protection of the sulfhydryl functron with a trl- 

methylsllyl group" In order to lnhibrt the cyclrzation of 2 to form the cyclic-IntermedIate 

(2) Thus, the reaction of g wrth brs(trlmethylsrlyl)acetamlde (BSA) gave a quantitative 

transformation to the g-trlmethylsilyl imrnoether (&). The structure of 2 was confrrmed by 

In situ IH- and r3C-NMR studies -__ In addltlon, it was found that 5~ was reasonablv stable 

at room temperature and only slowly trrmerrzed to s-trrazine. The reactron of &with mono- 

srlylated cysteamrne, obtarned from cysteamlne and BSA, gave N,z-bistrrmethylsllyl-N-formimldoyl 

cysteamlne (z). Indeed, a 13C-NMR study rndrcated no evrdence for the existence of the cyclic 

form of 2. Since the sllylated derlvatlve (2) was relatively stable the insertion reactlon 

wrth2 was studred However, no insertron reaction of 7 wrth 9a was observed m the absence of 

7 
R’S-SE 7 

9 

s 

+ 

I: 
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a R’: -NH 7-(” 
N, SIE 

b R, = ,,_.NHCOOPNE 

base On the other hand, an excellent transformation of Lto 8c was obtarned when this reaction 

was carried out In the presence of I&E-dllsopropylethylamine or 4-dimethylaminopyridine. In 

addition, E-formrmrdoyl threnamycln (2 was obtained in 63% yreld after catalytic hydrogenatron 

of the protecting group". This result suggested that the base expanded the tetravalent sillcon 

atom to a pentavalent blpyramidal hybridlzatron thereby making the sulfur atom more nucleophilic 

Similarly, the reaction of,5with 2 In acetonitrrle gave an almost quantitatrve yield of brs- 

protected thienamycin13. This new process obviates both the formation of unstable thlenamycin 

and the need for protection with p-nltrobenzyl chloroformate which IS difficult to handle In a 

large scale operation 
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