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SYNTHESIS AND RESOLUTION OF 7-FLUOROTRYPTOPHANS!
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Abstract: 7-Fluoro-DL-tryptophan (la), 4,7-difluoro-DL-tryptophan (1b) and 5,7-
difluoro-DL-tryptophan (lc) were prepared by Fischer indole cyclization. The
resolution was achieved by treatment of the N-trifluoroacetyl derivatives with
carboxypeptidase A. All 7-fluorotryptophans are slow substrates for tryptophan
indole-lyase from E. coli.

Fluorinated analogues of amino acids are useful to study amino acid reactions and
metabolism.2 Recently, there has been an increasing interest in the incorporation of
fluoroamino acids in large biomolecules.3 F-Phe-, F-Trp-, and F-Tyr-labeled proteins
have been used in 19F NMR studies to characterize fuctionally significant conforma-
tional changes.# Among fluorotryptophans, 4-, 5- and 6-fluorotryptophan are
commercially available, and used extensively.2¢.3b.5 4, 5, 6, 7-Tetrafluorotryptophan
was synthesized and tested for enzyme inhibition.6 However, there is only one report
for preparation of la and lc, which were not resolved,6¢ and the preparation of 1b
has not been previously reported. We report here the synthesis of 7-fluoro-
tryptophans la-c, their resolution, and their reactions with tryptophan indole-lyase
(tryptophanase) from E. coli.
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Fluoroanilines were diazotized, reduced with SnCl, and the resulting HCI salts
were neutralized with 4N NaOH solution to give fluorophenylhydrazines 2a-c¢ in 67-
85% yields.7 After the reaction of diethyl acetamidomalonate with acrolein and sodium
methoxide in benzene,8 addition of the fluorophenylhydrazine gave the crystalline
hydrazones 3a-c. (85-90%) The predominant stereochemistry of the hydrazones
across the imine double bond was determined to be E, based on the results of the
proton NMR.? Reflux of 3a-¢ with dilute sulfuric acid (5-10%) for 5 hours afforded
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indoles 4a-c.10 The yields were dependent on the number and position of fluorines,
and were 38%, 36% and 12% for 4a, 4c and 4b, respectively. Saponification and
decarboxylation of 4a-c were achieved by refluxing with 1.2 equivalent NaOH in
aqueous dioxane (1:1).!! The resulting N-acetyltryptophans S5a-c¢ were hydrolyzed
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with 4 equivalents of NaOH to give la-¢.12 la-¢c were converted to the N-trifluoro-
acetyl derivatives!3 and were treated with carboxypeptidase A to obtain the 7a-c and
8a-c.14 The N-TFA-D-7-fluorotryptophans were treated with 1M aqueous piperidine
to give the D-7-fluorotryptophans 9a-c. The optical purity of each enantiomer was
measured by HPLC using a chiral column, and was greater than 99% e.e.l> We have
examined the kinetics of the reaction of Escherichia coli tryptophan indole-lyase with
compounds 7a-c.16 All of them are slower substrates than L-tryptophan.

Table 1. Kinetic data for 7a-¢ with tryptophan indole-lyase

Compound Kp(mM) Vmax(rel.) kearlK m(rel.)
L-tryptophan 0.26 100% 100%
7 a 0.64 29% 14%
7b 1.7 42% 6%
7c 0.49 58% 30%
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