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A DIRECT TRANSFORMATION OF BICYCLIC KETO ESTERS TO N-FORMIMIDOYL THIENAMYCIN
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Summary A convenilent direct transformation of p~nitrobenzyl 6-(1'-hydroxyethyl)-l-azabicyclo-
(3.2 O)heptane-3,7-dione-2-carboxylate to N-formimidoyl thienamycin utilizing the silylated
derivative of N-formimidoyl cysteamine is describea

Derivatization of the amino group in thlenamycin1 (}) has resulted in the stable crystalline
N-formamidoyl thienamycin? QE). The derivative gg) was selected for clinical studies on the
basis of 1ts improved in vitro and in vivo antibacterial activity and chemical stability versus
thienamycin, as well asits enhanced 1n vivo actlvity against Pseudomonas aeruglnosa3 The
current synthesis of’g relies on the derivatization
of unstable 1 with methyl formimidate in an aqueous
solution at pH 8 2 followed by 1solation using a Dowex
50 x 4 resin column We now wish to report a convenient
direct transformation of p-nitrobenzyl 6-(1'-hydroxy-

ethyl)-l-azabicyclo(3 2.0)heptane-3,7-dione-2-

carboxylate gé)“ to’glwithout forming unstable

thienamycin In principle, the direct transformation

of 3 to 2 requires the prior preparation of N~
formimidoyl cysteamine (ﬁé) This proved to be a

. R =-H formidable task The attempted reaction of cysteamine
-CH= NH with benzyl formimidate hydrochloride® (3) 1n

1
2 R-

acetonitrile in the presence of N,N-diisopropylethyl-

amine afforded A%-thiazoline and s~triazine as the
only 1solable products under various reaction conditions®. The formation of A?-thiazoline
indicates the formation of 4a with subsequent elimination of ammonia via the cyclic tautomer gé)
To inhibit this elimination and maintain the stability of 4, the reaction of the N-protected
benzyl {ormimidate with cysteamine was 1nvestigated The reaction of N-(N'-p-nitrobenzyloxy-
carbonyl)benzyl formimidate (5b), obtained in situ from the reaction of 5a with p-nitrobenzyl
chloroformate in acetonitrile in the presence of N,N-diisopropylethylamine, with cysteamine
gave crystalline 4b (mp 50-58°C) 1n 56% yield accompanied with A%-thiazoline Although
'H NMR of 4b at ambient temperature showed no SH signal, low temperature studies (-35°C) did
show an SH triplet. 1In addition, the tlc of 4b (SlOz/hexane ethyl acetate =6 4 v/v,Rf = 0 36)

indicated a positive test against Ellman's reagent suggesting the existence of an SH group
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Based on carbon-13 NMR studies the product was tentatively assigned as an equilibrium mixture

of N-(N'-p-nitrobenzyloxycarbonyl)formimidoyl cysteamine (4p) and 2-N-(p-nitrobenzylexycarbonyl)-
aminothiazolidine §b  This type of ring-chain tautomerism has previously been reported in the
case of thiazolidines’ and imidazolidines® It was reasoned that this equilibrium could be
displaced by capturing the open chain form with enol phosphate QZ) This was indeed the case.
The reaction of the equilibrium mixture with _J, gave N-formimidoyl thiemamycin {22 1n 54% yield9
after removal of the p-nitrobenzyl protecting group by catalytic hydrogenation. Unfortunately,
decomposition of 4p due to the intramolecular elimination’? of p~nitrobenzylcarbamate to form

A®~thiazoline 1s still significant
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Our efforts were therefore directed at the protection of the sulfhydryl function with a tri-
methylsilyl group11 in order to inhibit the cyclization of ﬁB to form the cyclic-intermediate
QQE) Thus, the reaction of 3a with bis(trimethylsilyl)acetamide (BSA) gave a quantitative
transformation to the N-trimethylsilyl iminoether (;5). The structure of 3c was confirmed by
EE.§£EE,1H‘ and !%C-NMR studies In addition, it was found that 3¢ was reasonablv stable

at room temperature and only slowly trimerized to s-triazine. The reaction of zs'with mono-
silylated cysteamine, obtained from cysteamine and BSA, gave N,S5-bistrimethylsilyl-N-formimidoyl
cysteamine (23). Indeed, a 13c_NMR study 1ndicated no evidence for the existence of the cyclic
form of 9a. Since the silylated derivative (23) was relatively stable the insertion reaction

with 7 was studied However, no insertion reaction of 7 with 9a was observed 1n the absence of
~~ ~ Ed

8
RS—9= —=—= +
B
9 i
(PhO),POSIZ

b R .~ ANHCOOPNB

base On the other hand, an excellent transformation of;L to §5 was obtained when this reaction
was carried out 1n the presence of N,N-diisopropylethylamine or 4-dimethylaminopyridine. In
addition, N-formimidoyl thienamycin Qg) was obtained in 637 yield after catalytic hydrogenation
of the protecting grouplz. This result suggested that the base expanded the tetravalent silicon
atom to a pentavalent bipyramidal hybridization thereby making the sulfur atom more nucleophilic
Similarly, the reaction of 7 with 9b in acetonitrile gave an almost quantitative yield of bis-
protected thienamycin13. This new process obviates both the formation of unstable thienamycin
and the need for protection with p-nitrobenzyl chloroformate which 1s difficult to handle 1in a
large scale operation
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(CH=N,1Q;178 Hz) and 163.7(—C02R). 6b, G(DMSO—dé), 35 6(CHZS), 50 2(CH2N), 64 3(OCH2), 77.6
3CH-(1J=167 Hz), 154 2(~CO,R) A?-thiazoline §(DMSO-d,), 30.7(CH,5), 63.8(CH,N), and 156 3
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