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Abstract :  A series of novel aminoacyl adenylate mimics has been prepared and evaluated for their inhibitory 
activity against aminoacyl-tRNA synthetases. Several of these thiazoie derivatives displayed potent and 
selective enzyme activity against both Gram-positive and Gram-negative bacteria. © 1999 Elsevier Science Ltd. All 
rights reserved. 

There is a critical need to develop new antimicrobial agents with novel modes of action due to the rise in 

drug resistant bacterial infections. Aminoacyl-tRNA synthetases (aaRSs) are essential enzymes for biological 

cell growth./5 The function of aaRS is to add one of the twenty different amino acids onto a tRNA forming a 

charged tRNA molecule. The charged tRNA molecules are necessary for incorporation of the respective amino 

acids into cellular proteins. AaRSs catalyze the charging of tRNA in a two-step reaction. 6s First, ATP reacts 

with the amino acid to form an enzyme-bound aminoacyl adenylate intermediate (AA-AMP) 1 and 

pyrophosphate (PPi). Second, The activated amino acid is transferred to the corresponding tRNA to form the 

aminoacyl-tRNA and AMP. Inhibition of this process leads to a halt in protein synthesis and subsequent 

inhibition of cell growth. Selective inhibition of bacterial aaRSs has been demonstrated to be an effective 

strategy for producing antibacterial agents. 9 Pseudomonic acid (A) is an isoleucyl-tRNA synthetase inhibitor l°  

14 that has antibacterial activity against S. aureus, Staphylococcus species, and Streptococcus pyogenes and is 

effective in topical treatment of staphylococcal and streptococcal infections./5 In addition, several other 

naturally produced and synthetic compounds have enzymatic activity against aminoacyl-tRNA synthetases.t625 
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Recently, a series of novel tetrazole derivatives of aminoacyl adenylate mimics was discovered in our 

lab. 26 These compounds were found to have highly potent enzyme activity and selectivity against isoleucyl- 

tRNA synthetases. As part of our program to develop novel antibiotics targeting aminoacyl-tRNA synthetases, 

we have expanded our investigation into replacements of the adenine ring with a variety of other heterocycles. 

We report here studies on the synthesis and the inhibition of bacterial aminoacyl-tRNA synthetases of 

structurally novel thiazole aminoacyl adenylate mimics. 
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S c h e m e  1. Reagents and conditions: (a) TMSCN, BF3.(Et20), CH2CI2, rt, 24 h ,  85%; (b) H2S (I), 
DMAP, rt, 8 h, 88%; (c) BrCH2COR, CH3CN, 0 °C to rt, 24 h, 50-85%; (d) NaOMe, MeOH, rt, 8 h, 
70-85%; (e) Acetone, HCI (cat), CH(OEt)3 ' 0 °C to rt, 24 h, 75-85%; (f) NH2SO2CI, Et3N, CH2CI2, 
rt, 5 h, 80-90%; (g) N-t-Boc-L-amino-acid, EDAC.HCI, DMAP, 0H2012, rt, 24 h, 85-90%; (h) TFA, 
H20 , rt, 3 h, >95%; 

Enzymatic intermediate 1 containing an acyl phosphate is chemically unstable and can be replaced with 

acylsulfamate, which is known to be a good acyl phosphate mimicY The synthesis of aminoacyl sulfamoyl 

thiazole analogs 8 is shown in Scheme 1. Reaction of 1-O-acetyl-2,3,5-O-tribenzoyl-~D-ribofuranose (2) with 

trimethylsilyl cyanide in the presence of boron trifluoride followed by treatment with liquid hydrogen sulfide 

generated 3,4,6-tri-O-benzoyl-~D-allonthioamide 3. 28,29 Reaction of thioamides 3 with a variety of aryl and 

alkenyl (~-bromo ketones in acetonitrile afforded the corresponding 2,4-disubstitued thiazole derivatives 4 in 

yields ranging from 50-85%. 29-31 The required aryl (x-bromo methyl ketones 32'33 and alkenyl (x-bromo methyl 

ketones 34 were prepared by known procedures. Hydrolysis of tribenzoyl groups with sodium methoxide in 

methanol, followed by protection of diol, provided 2',3'-O-isopropylidene thiazoles 5. Treatment of 5 with 

sulfamoyl chloride gave rise to sulfamoyl thiazole intermediates 6. Reaction of 6 with a variety of N-t-Boc-L- 
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amino acids afforded 7. Deprotection of 7 with trifluoroacetic acid yielded the target products 8 in nearly 

quantitative yields. 35 

The extent of aminoacylation of tRNA with amino acid catalyzed by aminoacyl-tRNA synthetase 

enzyme was measured by the amount of incorporation of [3H] amino acid in the trichloroacetic acid precipitate 

of tRNA in the presence of a compound. 26 The IC50 value is the compound concentration that inhibits 50% of 

the indicated aminoacyl-tRNA synthetase activity of the particular species in the tRNA charging assay. 

The results of inhibition of E.coli aminoacyl-tRNA synthetases of various amino acid phenyl thiazole 

analogs are reported in Table 1. Isoleucine thiazole analog 9 exhibited IleRS inhibition. Replacement of 

isoleucine with valine, which is similar in structure to isoleucine, resulted in much less IleRS inhibition while 

replacement with alanine produced a greater loss in the IleRS inhibition. Both histidine and proline analogs 12, 

13 led to complete loss of the UeRS inhibition. Studies on the mechanism of action for isoleucine analog 9 

shows that it is a competitive inhibitor 36 with respect to isoleucine (Ki = 0.031 ~tM) and ATP (Ki = 0.048 pM). 

These results indicate that the binding site for the amino acid is very specific and is consistent with an 

interpretation that the aminoacyl sulfamoyl group fits well into the binding pocket of the corresponding 

aminoacyl-tRNA synthetase. This result is further substantiated by the observation that the alanine analog 11 

exhibited inhibition of the corresponding AlaRS. 

Table 1. Inhibition of E. coli Isoleucyl-tRNA Synthetase 
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Compd AA IC50 (~tM)/IIeRS IC50 (~M)/LeuRS IC50 (~Vl)/AIaRS 

9 
10 
11 
12 
13 

Ile 
Val 
Ala 
His 
Phe 

0.1 
15 

100 
>100 
>100 

1.0 
14 

>100 
>100 
>100 

>100 
>100 

0.5 
>100 
>100 

A wide variety of substituted thiazole analogs were investigated. The inhibition of Gram-positive and 

Gram-negative bacterial and human isoleucyl-tRNA synthetases is shown in Table 2. These analogs have the 

isoleucyl group on the left side chain. Replacement of the phenyl group with the furan ring (14) increased the 

inihbition of S.aureus HeRS relative to phenyl analog 9, but with no selectivity versus the human enzyme. The 

introduction of a methoxy group on the phenyl ring (15-17) increased the inhibition of S. aureus I]eRS. Alkenyl 

biphenyl ether analog 20, however, did have moderate selectivity versus the human enzyme. Replacement of 

the phenyl group with the alkenyl phenyl group (21) increased the inhibition of the two bacterial IleRS but did 
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not change that of the human enzyme, therefore increasing the selectivity. Overall, the selectivity for bacterial 

isoleucyl-tRNA synthetases versus the human enzyme is relatively low. 

Table 2. Inhibition of Isoleucyl-tRNA Synthetases 
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9 
14 
15 
16 
17 
18 
19 
20 
21 

R 

Ph 
4'-cyano-furanyl 
2'-OMe-Ph 
3'-OMe-Ph 
4'-OMe-Ph 

6'-OMe-2-naphthyl 
PhOPh 

CH2CH2PhOPh 
CH2CH2Ph 

IC50 (IlM) IC50 (IJM) 
(S.aureus IleRS (E.coli IleRS) 

8.0 
0.24 
0.30 
0.05 
0.10 
0.13 
0.27 
0.12 
0.04 

0.10 
0.12 
0.03 

0.015 
0.10 
0.02 

0.045 
0.11 
0.03 

IC50 (IxM) 
(Human IleRS' 

0.33 
0.12 
0.10 

0.034 
0.20 
0.40 
0.37 
1.02 
0.30 

Selectivity 
(HulE.coli) 

3.3 
1.0 
3.3 
2.3 
2.0 
4.0 
8.2 
9.3 
10 

The selectivity of bacterial leucyl-tRNA synthetase versus the human enzyme is shown in Table 3. 

Isoleucine analog 9 with less potent inhibition of E. coli LeuRS showed good selectivity. Leucine analogs 22- 

24, which possessed the excellent inhibition of E. coli LeuRS, also demonstrated the high selectivity of E. coli 

LeuRS versus the human enzyme. 

Table 3. Selectivity of Bacterial Leucyl-tRNA Synthetases versus the Human Enzyme 

O S 

O 
HO OH 

.~ompd 

9 
22 
23 
24 

AA R 

lie Ph 
Leu PhOPh 
Leu CH2CH2PhOPh 
Leu CH2CH2Ph 

IC50 (I.tM) 
(S.aureus LeuRS) 

>20 
0.054 

0.1 
0.09 

IC50 (p.M) 
(E.coli LeuRS) 

1.0 
0.0016 

0.006 
<0.002 

ICs0 (IxM) 
(Human LeuRS 

200 
0.60 
1.15 

0.73 

Selectivity 
(Hu/E. coli 

200 
375 
192 

>365 

In summary, we have developed a series of potent, selective and structurally novel aminoacyl-tRNA 

synthetase inhibitors in which a thiazole ring system replaces the adenine ring in the aminoacyl adenylate 

intermediate. 
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Figure 1 : Lineweaver-Burke analysis on the inhibition of Compound 9 on E.coli isoleucyl-tRNA 
synthetase. A : Ki determination against isoleucine at saturating ATP (2 mM) and tRNA (90 ~/I) 
concentrations. B : Ki determination against ATP at saturating isoleucine (50 ~tM) and tRNA (90 
gM) concentrations. 


