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Abstract: A series of novobiocin-like coumarincarboxylic acids has been prepared bearing the L-rhamnosyl 
moiety as the sugar portion of the molecule. The similar DNA gyrase inhibitory activity of the novel class of 
coumarins to that of novobiocin demonstrates that L-rhamnose can effectively replace L-noviose. Introduction 
of alkyl side-chains at C-5 of coumarin leads to improved in vitro antibacterial properties in the novel series. 
© 1999 Elsevier Science Ltd. All rights reserved. 

Introduction: For some time, gyrase B as an active component of the tetrameric A2B2 complex of DNA 

gyrase, has attracted considerable attention as a potential antibacterial target since it has no direct counterpart in 

eucaryotes. 1"3 Previously we have reported two novel series of coumarin inhibitors of DNA gyrase: 4-OH- 

coumarins with reversed 3-aminoacyl isosteres 1, if and aminocoumarins 2, le'g in which the 4-OH group of the 

coumafin portion was replaced with the basic substituents. We were surprised that the latter analogues proved 

to be potent inhibitors of DNA gyrase and that structure-activity relationship (SAR) was in contrast to the 

established knowledge on coumarin inhibitors that emphases 4-OH functionality as indispensable for the potent 

inhibition of the enzyme. 4 

The X-ray crystallographic studies of several complexes of coumarin inhibitors and the 24 kDa N- 

terminal fragment of gyrase B indicated that one of the very important interactions was the hydrogen bonding 

between Arg-136 and the ester (1-position) and carbonyl (2-position) oxygens of the coumarin. 5"6 However, the 

exact relevance of the interaction of acidic 4-OH of coumarin 7 with gyrase B remained unclear. This could be 

attributed to the conformational flexibility of the protein loop in gyrase B 5'6 comprising amino acids -100-120 

that was supposedly interacting with acidic 4-OH. This prompted us to prepare a series of coumarinic acids 

with a carboxyl group at different positions of the coumarin. Moreover, these acids would contain different 

sized spacers separating the coumarin and carboxyl group. 
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In this report we also describe the development of  a complementary series of coumarin drugs based on 

L-rhamnose that evolved concurrently. It occured to us that already established synthetic sequence for 

preparation of L-noviose containing analogues starting from L-arabinose If could be applied with minor 

modifications to L-rhamnose, a comercially available product. Considering that L-rhamnose is structurally very 

similar with hydrogen replacing axial 5'-methyl group of noviose, this novel series could provide further SAR 

of this part of the molecule. 

Chemistry: Sequential glycosylation of L-rhanmose 3 with excess benzyl alcohol and the protection of the 

corresponding triol 4 as an acetonide gave the intermediate 5. The free hydroxyl group in 5 underwent 

methylation quantitatively with Me2SO4 in the presence of t-BuOK to give methyl ether 6. Removal of the 

isopropylidene acetal in 6 with a mixture of trifluoroacetic acid-H20 afforded the diol 7 in quantitative yield, 

that was then protected at the 2'-position as acetate 8 by the method of Pinto M. B. et al. s using trimethyl- 

orthoacetate. Esterification of 3'-position was readily performed with anhydride of (5-methylpyrrole)-2- 

carboxylic acid if in the presence of  COC12 in MeCN at reflux 9 to provide the ester 9. Hydrolysis of acetate 9 

was achieved with DBU in MeOH. Finally, hydrogenolysis of the benzyl group proceeded quantitatively to 

afford the lactol 10, a suitable intermediate for glycosylation. 

H O " ~ O H  a m. H O ~  AOBn 
HC~" "~)H HC~" "~)H 

3 L-rhamnose 4 

MeO ~, 'WOH g,h MeO,-~OBn 
- 

10 9 

b =, HO~/'OBn C =. MeO-'~OBn 
%0 %0 

5 6 

. f M e O - - ~ O B n  . e MeO~X,~OB~ 
HO OAc Hd bH 

8 7 

Scheme l:  Reagents and conditions: (a) BnOH, HCI gas, rt, 82%; (b) 2,2-Dimethoxypropane, TosOH eat, rt, 96%; (c) t-BuOK, 
Me2SO4, THF, rt, quant.; (d) CF3CO2H-H20 4:1, rt, quant.; (e) MeC(OMe)3, TosOH cat., MeCN, then AcOH-H20 4:1, rt, 78%; (f) (5- 
methylpyrroyl)-2-carboxyl anhydride, COC12, MeCN, reflux, 84%; (g) DBU, MeOH, rt. 75%; (h) H2, Pd-C/10%, EtOH, 50°C, quant. 

Most of the coumarincarboxylic acids were prepared by the classical Pechmann condensation 1° of the 2- 

methylresorcinol 11 with various [3-ketocarboxylic esters as outlined in Scheme 2. The isolated ethyl esters 

12a-e were transformed into benzhydryl esters 13a-e by saponification with NaOH and subsequent 

esterification with diphenyldiazomethane in DMF. Coumarin-4-acetic acid 12d underwent selective benzylation 

at carboxyl group using benzylbromide in the presence of NaHCO3 in DMF to give benzyl ester 13d. 
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Scheme 2: Reagents and conditions: (a) MeCOCH(CO2Et)CH2CO2Et, H2SO4, 23%; (b) MeCOCH(CO2Et)CH2CH2CO2Et, H2SO4, 
52%; (c) EtO2CCOCHNaCO2Et, EtOH, reflux, 13%; (d) HO2CCH2COCHECO2H, H2SO4, 75%; (e) NaOH 2N, rt, 60-90%; (f) 
Ph2CN2, DMF, 50°C, 50-60%; (g) BnBr, NaHCO3, DMF, rt, 55%. 

The synthesis of 5-alkylsubstituted coumarin-3-carboxylic acids is illustrated in Scheme 3, by the 

preparation of C-5 heptyl analogue 18d. Wittig olefination of aldehyde 14, itself readily available from 3,5- 

dimethoxybenzaldehyde, II with n-pentyltriphenylphosphoranylidene afforded a Z/E mixture of olefins 15 in 

good yield. Hydrogenation of the double bond in 15 followed by bis-demethylation with TMSI in chloroform at 

reflux provided resorcinol 16 in 75% yield. Introduction of the aldehyde group was achieved under classical 

Gattermann formylation la with Zn(CN)2 and gaseous HC1. Condensation of the aldehyde 17 with dibenzyl- 

malonate was readily accomplished in DMF in the presence of pyrrolidine to give coumarin-3-carboxylic acid 

18d in 92% yield, protected as benzyl ester. 
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Scheme 3: Reagents and conditions: (a) CsHIICH2PPh3Br, BuLi, THF, 0°C, 78%; (b) H2, Pd-C, THF, rt., quant. (c) Me3Sil, CHC13; 
reflux, 75%; (d) Zn(CN)2, HCI gas, Et20, rt, 60%; (e) CH2(COOBn)2, pyrrolidine, DMF, 65°C, 92%. 

Having prepared coumarincarboxylic acids as protected benzyl or benzhydryl esters (13a-d and 18a-f), 

we used the Mitsunobu conditions lf'g for their glycosylation with the rhanmose intermediate 10 (Scheme 4). In 

all cases the desired co-glycosides were formed as the major products and could be easily separated from the 

minor 13-glycosides by chromatography. Free carboxyl groups were liberated by hydrogenolysis under standard 

hydrogenation conditions to provide the cotunarincarboxylic acids 19aq. 
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19g R 1 = COOH, R 2 = H, R 3 = n-CsH11 
19h R 1 = COOH, R 2 = H, R 3 = n-CTHls 
19i R 1 = COOH, R 2 = H, R 3 = n-CI2H25 
19j R 1 = COOH, R 2 = H, R 3 = benzyl 

R 3 R= 

20a R 1 = H "---~--O ~ ' ~  RI 
20b R,= Me , ~ M e O - - ~ - - O "  y "O'"O 
21a R 1= H, R 2 = CH2COOH, R 3 = H 
21b R,=  COOH, R2= H, Ra= CsH,I . ~ '~J .~n .~ -O  ~)H 

H O 21a,b 

Scheme 4: Reagents and conditions: (a) PPh3, EtO2CN=NCO2Et, CH2C12, rt. 40-50%; (b) H2, Pd-C/10%, THF, quant. 

In order to compare L-rhamnose and L-noviose series, as well the series of coumarin acids lacking the 

8-methyl group in the coumarin part, several analogues 20a,h and 21a,b (Scheme 4) were prepared by 

Mitsunobu coupling of the described coumarins with pyrrole-rhamnose 10 or pyrrole-noviose, lf respectively. 

Biological results: Table 1 shows the results for the inhibition of the supercoiling activity of E. coli DNA 

gyrase by novobiocin, clorobiocin and the novel coumarincarboxylic acids and their antibacterial activity. 

Comparison of the inhibitory activities of free acid 20a and its methyl ester 20b clearly indicates that the 

caboxyl group provides an important contribution in stabilising the complex of inhibitor with the protein. The 

position of the carboxyl group may not be crucial as similar activities were observed in the analogues 19a,b, 

19d and 19e. Insertion of the two carbon atoms in between the carboxyl group and coumarin skeleton (19c) 

resulted only in minor diminution of inhibition. 

Replacement of the 5'-axial methyl group of the noviose moiety (21) by hydrogen in rhamnose (19e) 

resulted in five-fold reduction of inhibition of supercoiling of DNA gyrase. This diminution of  activity is not 

surprising considering the results provided by the analysis of crystal structures of coumarin drugs and gyrase B 

of E. coli. 5'6 The 5',5'-dimethyl group of the noviose in these complexes is surrounded by the hydrophobic 

amino acids and substitution of methyl group for hydrogen reflects a partial loss of these hydrophobic 

interactions. Nevertheless, the series of coumarinic acids containing rhamnose did retain similar inhibitory 

activity on DNA gyrase to that of novobiocin. 

The same hydrophobic effect could be invoked to explain three-fold diminution of  DNA gyrase 

inhibition that resulted from the lack of C-8 methyl group of coumarin (comparison between 20a and 19e). 

Although coumarincarboxylic acids showed good inhibition of supercoiling of DNA gyrase, they were 

not as active against whole bacterial cells. This could be rationalised by highly hydrophilic nature of  these 

compounds. It was necessary to make them more lipophilic through introduction of the alkyl chains. The most 

suitable position was the C-5 of the coumarin. The optimum length of the aliphatic chain with respect to 

antibacterial activity was seven for the rhamnose series (19h), and five for the noviose series (21b). Replacing 
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rhamnose moiety (19g) by noviose (21b) resulted in ten-fold increase in the antibacterial activity. The 

derivative 21b was highly active against all the strains tested, including multi-resistant staphylococci and 

vancomycin-resistant E. f a e c i u m .  

We were also interested to see the effect o f  isosteric replacement (-CONHSO2-)of carboxyl group in 

coumarins 19aq. The N-coumaroylbenzensulfonamide 22 was prepared from acid 19h by coupling with 

benzensulfonamide in the presence of  N,N-diisopropylcarbodiimide and DMAP in CH2C12. As demonstrated by 

measurements of  IC50, N-acylsulfonamides can effectively replace the carboxyl group, preserving at the same 

time uniformly good antibacterial properties whatever the resistance phenotype o f  the strains studied. 

C7H15 CrHls 
~-~.COOH " O ~ - ' ~  CONHSO2Ph 

 oo- o o o  eo- o o o 
19h H O 22 

Table 1. In vi tro activity of  coumarin inhibitors against E. coli  DNA gyrase supercoiling (ICs0), a and selected in 

vitro antibacterial activity (MIC). b'c 

MIC 
(~g/mL) 

Ratio S.aureus S. aureus S. aureus S. epidermidis S. pyogenes E. faecium 
Compound ICs0nov a 011HT3 01 IGO76 011HT1 012GO39 02A1UC1 02D31P2 

ICs0comp OfloOxaEry-R Nov-R OxaTei-R VanTeiEry-R 
Novobiocin 1 < 0.04 < 0.04 20 0.08 0.15 0.3 
Clorobiocin 1.7 < 0.04 < 0.04 0.15 < 0.04 < 0.04 ND 

19a 0.33 >40 >40 >40 >40 40 >40 
19b 0.5 >40 >40 >40 >40 40 >40 
19e 0.33 >40 >40 >40 >40 40 >40 
19d 0.5 >40 >40 >40 >40 >40 >40 
19e 1 10 40 >40 10 >40 >40 
19f 0.5 10 40 >40 10 >40 >40 
19g 0.5 0.6 2.5 20 0.6 1.2 2.5 
19h 0.5 0.08 0.3 5 0.3 0.3 0.6 
19i 1.3 0.08 5 >40 40 0.3 >40 
19j 0.5 2.5 5 >40 2.5 5 20 
20a 0.33 >40 >40 >40 >40 >40 >40 
20b 0.031 >40 >40 >40 >40 >40 >40 
21a 5.3 2.5 5 >40 2.5 10 >40 
21b 0.66 < 0.04 0.15 2.5 < 0.04 < 0.04 0.3 
22 1 0.15 0.6 2.5 0.6 0.3 2.5 

a) IC5o was determined for gyrase B of K coli against novobiocin (0.25 ~tg/mL) as reference. For the details see ref If. 
b) MIC, Minimum Inhibitory Concentrations (lag/mL) were measured by using a twofold broth microdilution after 24 hours 
incubation. 
c) Particular phenotype of Resistance (-R) of the tested bacterial strains were mentioned: Oflo for ofloxacin, Oxa for oxacillin, Ery for 
erythromycin, Nov for novobiocin, Tei for teicoplanin, Van for vancomycin. Otherwise, strains were fully susceptible. 
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In conclusion, the described series of coumarincarboxylic acids exerted similar inhibition in the negative 

supercoiling of DNA gyrase to novobiocin. Antibacterial activity in the series was conferred by introduction of 

the alkyl chains at the 5-position of the coumarin. Although some loss of the inhibitory and antibacterial 

activity was observed on replacement of noviose by rhamnose, the latter remained an effective substitute for 

noviose. The best candidate 21b displayed excellent antibacterial activity against all the strains including the 

novobiocin-resistant strain. 
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spectral analysis. 
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