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Abstract: The behavior of nor-chorismic acid 7 has now been tested against three different chorismate mutases. 
Notably, 7 is not a substrate for Bacillus subtilis mutase, but is a weak competitive inhibitor (K! = 0.5 mM). 
© 1997 Elsevier Science Ltd. 

The Claisen rearrangement of chorismic acid 1, which is a central step in the biosynthesis of 

phenylalanine and tyrosine in bacteria, fungi, and higher plants, has intrigued chemists and biochemists for 

almost forty years. 1 In 1989, Pawlak et al. reported that besides the allyl vinyl ether in 1, the only structural 

features absolutely required for binding and catalysis by the Escherichia coli enzyme (EcCM) were the two 

carboxylic acid groups. 2 Recent X-ray crystallographic studies on EcCM, 3 as well as on mutases from Bacillus 

subtilis (BsCM) 4 and Saccharomyces cerevisiae (ScCM) 5 suggest a number of common structural, and perhaps 

catalytic, features. 6 One intriguing difference involves the environment of the ring carboxyl group (highlighted) 

of 1. Unlike EcCM and ScCM, whose active sites circumscribe 1 with stabilizing electrostatic and H-bonding 

interactions, the binding pocket of BsCM is a shallow surface cleft that orients the substrate's alicyclic carboxyl 

towards bulk water. Because that carboxyl makes no apparent contact with active site residues on the protein, 

judging from the crystal structure, we wondered whether BsCM exhibited the same absolute requirement for both 

carboxylic acid groups as EcCM. Here we report an improved synthesis of the previously reported 2 nor- 

chorismic acid (+)-7 and a kinetic examination of its role as a substrate or inhibitor of BsCM. 
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Rhodium-catalyzed insertion of trimethylphosphonodiazoacetate with the known 7 diol 2 afforded 3 

(75%) which, after protection as its silyl ether 4 (98%), underwent smooth olefination to give 5 (73% after 

chromatography). After desilylation of 5 using fluorosilicic acid, hydroxyester 6 (64%) was saponified directly 

to 7 (99%), whose spectroscopic data matched reported values. 2 The 5-step conversion of 2 to 7 in 46% overall 

yield represented a significant improvement over the earlier 4-step route to 7 in 10% overall yield. 
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(a) CH302CC(N2)PO(OCI--I3) 2 (1.3 equiv), cat Rh2(OCOC7H15)4, C6H6, 80 °C, 2 h; (b) TBDMSCI (1.2 equiv), imidazole 
(1.5 equiv), DMF, rt, 4 h; (c) LiN(TMS)2 (1.2 equiv), TI-IF, -20 °C, 10 min, then CH2=O (20 equiv); (d) H2SiF 6 (3 equiv) 
CH3CN, rt, 45 min; (e) NaOH (1 equiv), THF-H20, 0 °C, 30 min. 

Pawlak et al. reported that 7 underwent a facile Claisen rearrangement/dehydration to phenylpyruvate, 

with a rearrangement half-life of 1.7 h (30 oC, pD 7.4). Rearrangement was not catalyzed by the E. coli bifunc- 

tional enzyme chorismate mutase-prephenate dehydrogenase, but 7 was found to be a modest competitive 

inhibitor of the mutase component (KI = 0.4 mM; Km = 0.16 mM for 1). 2 We measured a rearrangement half- 

life of 3.1 + 0.3 h (37 oC, pH 7.8) for 7. Using standard assay conditions 8 [37 °C, 50 mM tris (pH 7.8), 2.5 

mM EDTA, 20 mM 13-mercaptoethanol, 0.1 mg/mL BSA], we determined that 7 was not a substrate for the 109- 

residue N-terminal chorismate mutase domain engineered from the bifunctional E. coli chorismate mutase- 

prephenate dehydratase. 3 In further accord with earlier work, 7 proved to be a modest competitive inhibitor of 

the monofunctional EcCM (KI = 0.4 mM; Km= 0.32 mM for 1). At concentrations up to 1 mM, 7 was not a 

substrate for BsCM, but was a weak competitive inhibitor of the enzyme (KI = 0.5 mM; Km = 0.28 mM for I). 

Besides establishing similarities between both E. coli mutases, our findings indicate that the ring carboxyl 

group of 1 is essential for mutase activity in BsCM. In this context we call attention to studies by Cload et al. 

who found that mutagenesis of Arg116, which is proximal to the exposed face of the BsCM active site, substan- 

tially increased Km while only weakly affecting keat .9 That region, which is poorly resolved crystallographi- 

cally, might well be the locus of important electrostatic and H-bonding interactions. 

ACKNOWLEDGMENT: Financial support by grants from the National Institutes of Health (NIH GM 24054) 

is gratefully acknowledged. We thank Dr. S. Zhang and Prof. D. B. Wilson for helpful advice and assistance. 

R E F E R E N C E S  

1 .  

2. 

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

Haslam, E. Shikimic Acid Metabolism and Metabolites; John Wiley & Sons: New York, 1993. 

Pawlak, J. L.; Padykula, R. E.; Kronis, J. D.; Aleksejczyk, R. A.; Berchtold, G. A. J. Am. Chem. Soc. 

1989, 111, 3374. 

Lee, A. Y.; Karplus, P. A.; Ganem, B.; Clardy, J. J. Am. Chem. Soc. 1995, 117, 3627. 

Chook, Y. M.; Gray, J. V.; Ke, H.; Lipscomb, W. N. J. Mol. Biol. 1994, 240, 476. 

Xue, Y.; Lipscomb, W. N. Proc. Natl. Acad. Sci. U.S.A. 1995, 92, 10595. 

Lee, A. Y.; Clardy, J.; Stewart, J. D.; Ganem, B. Chemistry and Biology 1995, 2, 195. 

Platt, K. L.; Oesch, F. Synthesis 1977, 449. 

Gething, M. H.; Davidson, B. E.; Dopheide, T. A. A. Eur. J. Biochem. 1976, 71, 317. 

Cload, S. T., Liu, D. R., Pastor, R. M., Schultz, P. G. J. Am. Chem. Soc. 1996, 118, 1787. 

(Received in USA 3 October 1997; accepted 9 October 1997) 


