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Abstract: A synthetic procedure to introduce a variety of ester groups at the C-3’ position of the 

noviosylcoumarin antibiotics has been developed Several new semi-synthetic noviosylcoumarins having unique 

ester groups at the C-3’ position by this method were prepared and in vitro antibacterial (anti-staphylococcal) 

activity was evaluated 

Continued interest has been maintained in the noviosylcoumarin antibiotics,1 such as coumermycin Al (1) 

and novobiocin (2), for two major reasons. This class of antibiotics, pardcularily coumermycin At (1) posse~scs 

potent antibacterial activity against methicillin-resistant strains of staphylococcus species, which have become 

clinically important pathogens over the last decade.2 Additionally, the mechanism of action, inhibiting the bacterial 

DNA gyrase? associated with this class of antibiotics is unique. 

Although extensive studies on the chemical modification of coumemtycin Al (1) have been reported most 

of them reflect modifmations at the C-3 position of the coumarin moiety.4 Apparently very little effort has been 

dimcted towards the modification of the C-3’ position of the noviose portion of coumermycin At (1). It has been 

reported that coumermycin A2 (3), which diffem from coumermycin Al by having a pyrro%karboxylate moiety 

instead of a 5methylpytrole-2tarboxylate group at the C-3’ position, possessed much reduced antibacterial 

activity as compared to coumermycin Al.‘ta Themfore, it appears that the subs&tent at this C-3’ position plays an 

important role in determining the overall antibacterial profile of the particular coumermycin derivatives. In order to 

study the effect of the C-3’ ester substituents on antibacterial activity, we have chosen to modify the monomeric 

derivative of coumermycin Al. noviosylcoumarin 4. This derivative 4 was used previously as a standard for the 

antibacterial evaluation of semi-synthetic coumermycin derivatives. 4 Herein, we report a synthetic process to 

noviosylcoumarin 5 having a variety of ester substituents at the C-3’ position, and their in vitro antibacterial 

activity. 

1623 



1624 Y. UEDA et al. 

1, R - C& Coumermydn A, 
3. R - H, Coumormycin A2 

F 
N”2 

2, Novobbcin 

R 5 

The requisite intem~ediate for the modification at the C-3’ position of the noviosylcoumarin, f’-hydroxy- 

2’-tetrahydropyranylnoviosyloxy-3-benzamidocoumarin 6 was prepared from coumermycin Al by the method 

outlinedinScheme 1. 

SCHEME 1 

PhCOCl (4 aq.) 

M-HP (2 oq.) 
5cLwC 

(Y.50-60%) 

OH 

I *olHp 
R 

1, R - H, Coumermycin A, 

7,RITHP 
DHP I p-TSA NW”2 

(Y. 74 %) 

DHP - 



New semi-synthetic noviosylcoumarin antibiotics 1625 

The 2’-hydroxy groups of coumennycin Al(l) were first protected as the tetrahydropyranyl derivative 75 

which then was converted to the 3-benxamido derivative ti in 50-60% yield. The pyrrole carboxylate was cleaved 

by tnatment with hydrazine ~ to produce the desired J’-hydroxy compound 6 in 74% yield. 

The 3’-hydroxy group in compound 6 was acylated6 selectively by generation of the diauion at the C-4 

OH and the C-3’ OH using 2 eq. of n-BuLi at -78’C in THF followed by treatment with 1 eq. of acyl chloride 97 

at temperatures ranging from -78°C to room temperature (Scheme 2). Using this dianion-acylation process, a 

number of 3’-esters 10a - 1Od and lOf-1Oj were prepared in 20 - 77 96 yield.12 However, it should be noted 

that the imidazole acid chlorides 91 and 9m were resistant to reaction with the dianion generated from 6, and as a 

result, the imidazole ester derivatives 101 and 1Om could not be prepared. The tetrahydropyranyl protecting 

group in 10 was Itmoved with ptoluenesulfonic acid monohydrate (p-TSAeH20) in MeOH to afford the target 

molecules Sa-Sd and Sf-Sj in 50 - 100 % yield.10 The Q-proline derivative Se and imidazole analog Sk were 

prepared in 59 and 63 % yield, respectively, from the corresponding N-protected compounds 5d and Si (or Sj) 

by catalytic hydrogenation of the benzy~xycarbonyl group or the benzyl group. 
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It is interesting to note that the 3’aliphatic carboxylate esters, such as acetate Sa and proline ester Se, were 

found to be hydrolytically labile, being transformed to a mixture of the corresponding compound with a 3’- 

hydroxy and 2’-ester group (0-acyl migration) and 2’,3’-dihydroxy compound 6 (2’-OH).l3 However, the 3’- 

phenyl and 3’-heteroaromatic carboxylate esters, 5c, and 5f - 4k were stable and no obvious 0-acyl migration 

was observed 

The in vitro antibacterial activity of some of these new derivatives is summarized in Table 1. Compound 

4, S-methylpyirole-2-carboxylate derivative, is included for comparison. Staphylococcal species selected for 

evaluation am the methicillin-sensitive strain of Stuphylococcus awws (A9537), the methicillin-resistant strain of 

Staphylococcus aureus (A20700) and the methicillin-resistant strain of Staphylococcus epidermidis (A25441). 

Antibacterial activities are expressed as the minimum inhibitory concentrations (MICs). 

The 3’-aliphatic and aromatic carboxylate esters Sa-5e were devoid of useful antibacterial activity against 

the staphylococcal species tested. The 3’-heteroaromatic carboxylate esters Sf-Si and 5k showed weak levels of 

anti-staphylococcal activity, with 5-methyhhiophene-carboxylate 5f being the most active analog in the series. It 

was more potent than 5-methylpyrrole-carboxylate 4 against the methicillin-sensitive strain of Staphylococcus 

uureus but less potent against the methicillin-resistant strains of staphylococcal species. The furan, N- 

methylpyrrole and basic imidazole analogs 5g, 5h, 5i and 5k were much less active than the compound 4. The 

poor activity of these four derivatives may be a reflection of the lack of the methyl group at the proper position of 

the heteroaromatics. It appears at this stage, that the 5-methylpyrrole-2-carboxylate found in coumermycin Al and 

compound 4 is still the best substituent for exhibiting uniformly good anti-staphylococcal activity, including the 

methicillin-resistant strains. 

TABLE 1: Selected In Vitro Antibacterial Activity of New Semi-Synthetic 

Noviosylcoumarins 5, MIC’s @g/mL)* 

5h 2 8 8 
5i 8 4 2 
!.% 16 16 8 

Determined by the 2-fold serial broth dilution method using 
nutrient broth, inoculum size: 5 x 105 cfu/mL. For methicillin- 
resistant strains (MR) the incubation was carried out at 35’C 

Abbreviatidns: S. aureus = Staphylococcus aureus, 
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