
Tetrahedron Letters Vol. 21, pp 931 - 934 
@Pergamon Press Ltd. 1980. Printed in Great Britain 

SYNTHESIS OF (+)-NEGAMYCIN AND OF (+)-EPINEGAMYCIN 

Georges Pasquet, Dominique Boucherot and William R. Pilgrim" 

Centre de Recherches, I.C.I. Pharma, Z.I.S.E. 
B.P. 401, 51064 REIMS, France 

Brian 'Jright 

Imperial Chemical Industries Limited, Pharmaceuticals Division, 
Alderley Park, SO10 4TG, United Kingdom 

Swnmm4 : The antibiotic negamycin and its diastereomer have both been synthesized in racemic 

form. The latter has been found to possess antibacterial activity, but at a lower 

level than negamycin itself. 

Negamycin (2-(3R,5R)-3,6-diamino-5-hydroxyhexanoyl -l-methylhydrazinoacetic acid) 1 is a 

bactericidal antibiotic of low acute toxicity , and possesses qood Gram negative and anti- 

w"_.<WWO" - 

H2N _ 
Staphylococcal activity both in w&o and in v.&G'~. Its antibacterial spectrum includes 

Pbeucfamonan as well as enteric bacteria carrying plasmid-mediated (R-factor) drug resistance. 

As part of the structure determination6 and proof of absolute configuration, negamycin was 

synthesized from D-galacturonic acid and its enantiomer was synthesized from 3-amino-3-deoxy- 

D-glucose7. 

We report here a synthesis of (*)-negamycin and its diastereomer (epinegamycin) via a 

route adapted to the preparation of analogues. The synthetic equivalents of the amino-acid 

part (6-hydroxy-B-lysine) 6 of negamycin and of its diastereomer 7, in which each function - - 

may be selectively deprotected for further elaboration, were prepared as shown in Scheme I. 
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Benzyl N-carbobenzoxy-dl-3-amino-5-oxo-6-chloro~~~noatea 2 was converted to the azido- - 

ketonegqb3 m.p. 74-5'C (EtzO) in 95 % yield by reaction with sodium azide in DMF at 5°C. - 

Reduction of 3 with 50 I excess borane-THF at room temperature and separation of the isomers 

by dry column chromatography" on deactivated silica gel (15% water w/w ) eluted with diethyl 

ether-methylene chloride (3:17) gave the azido-alcohol 49%bm.p. 52-5°C (29 % yield), rf 0.47 

(SiOe, CHCl3-ECOAc, 4:l) and 5 g'boil - (36 % yield), rf Oy31 (Si02, CHC13-EtOPc, 4:l). Reaction 

of 4 and 5 with dihydropyran (2 equiv., CH,CIZ, anhyd. TsOH cat.) gave the fully protected 

derivativesgag and 7. 

In order to determine the relative configurations of 4 and 5, they were saponified to the 

free acids which were then, using dicyclohexylcarbodiimide, converted to the corresponding 

lactonesgsb8 m.p. 53-5°C and 9 m.p. 104°C. C&-1,3- and tinam-1.3-disubstituted 6-lactone - - 

structures could be assigned unequivocally on the basis of their 10n MHz pmr spectra (Table). 

Table. p.m.r. Coupling constants. 

Approximate dihedral angles predicted from Dreiding models. 

Lactone 8 

J Hz Angle 

4,5 12.0 180" 

4',5 3.0 50" 

N&H 
J 

4,5 

4',5 

Lactone 2 

HZ 

9.5 

4.5 

4,4' 14.0 geminal 

3,4 11.5 180' 3',4 4.0 

3,4' 4.0 45O 3',4' 4.0 

2,3 9.8 160" 2,3' 5.5 

2',3 6.2 30' H*’ 2',3' 5.0 

2,2' 18.0 geminal 
N&H2 

2,2' 17.8 

2',4' 1.5 planar Ii 

Angle 

180" 

50* 

55" 

55O 

55O 

55" 

geminal 

Lactone 8 must exist in the half-chair (envelope) conformation to enable H2' and H4' to - 

be in a planar W conformation ; in this conformation only cis substituents, in the more 

favorable equatorial positions, will give rise to the observed vicinal coupling constants". 

It therefore follows that 2 has the R,R/S,S configuration and 5 has the R,S/S,R configura- 

tion". 
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Completion of the synthesis is illustrated in Scheme II. Saponification of the benzyl 

ester 6 gave the free acid l0'"m.p. 59-60" (i-Pr20) which was coupled with a-methylhydrazino- - 
acetic acid protected as the benzyl ester13, using the mixed anhydride method. Fully protected 

(*)-negamycin ga 12 was obtained as a thick oil. Cleavage of the tetrahydropyranyl ether was - 

effected with 50 % aqueous acetic acid (35"C, 90 min.). Hydrogenation, also in aqueous acetic 

acid, over 5 % palladium on charcoal yielded a crude product which was placed on Amberlite 

CG 50 (NH,+) and eluted with 0.1 % NH,+OH. Fractions showing a single spot (ninhydrin) when 

examined by electrophoresis on silica gel plates (acetic acid/formic acid/water : 75/25/900 v/v 

900 volts ; rf I.02, lysine = 1.00) were combined and lyophilised to yield pure (')-negamy-, 

cin3%bl as a white hygroscopic powder identical to natural (+)-negamycinl'by electrophoresis - 

in a variety of buffers and by IR and pmr spectroscopy. 

Scheme II 

Treatment of 1 with benzyl S-(4,6-dimethylpyrimidin-Z-yl) thiolcarbonate gave the N,N- 

biscarbobenzoxy derivativega m.p. 103-5°C which on treatment with diazomethane yielded the 

methyl esterghb m.p. 90°C. The yield of the final deprotection and purification was 42 % and 

the overall yield of (+)-negamycin from 2 was 7.1 %. 

using the same synthetic sequence (+)-epinegamycin I39abm.p. 150-18O'C dec. was obtained - 

in 10.5 % overall yield. Its N,N-biscarbobenzyoxy derivative3 had m.p. 110-118" C and the 

methyl esteryqb m.p. 125-127°C. 

In in vivo mouse protection testsls over a 7 day period (+)-1 was ts active as (+I- - 

negamycin against ~&on&a dubfin and more activeI against Sai@z@coccud meti and ; 
Pheudomonab ae&ginona at 12.5 mg/kg. E$negamycin (k)-13 was inactive against Pn. aehuginona 

but was as active as (+)-1 and penicillin G (50 mg/kg) against S. dubeinand more active _ 

than (?)-I_ against S. c~w~eti. 
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The antipode of (+)-negamycin is known' to possess some antibacterial activity. 
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