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6258 K. IRIE et al.

with sodium nitrite in 80% acetic acid, followed by potassium iodide treatment. The desired iodo compound
(10) was obtained in a 38% yield. Diazotization of 9 with 1N hydrogen chloride or sulfuric acid resulted only in
the formation of a complex mixture. The Boc group of 10 was removed quantitatively to give 6-iodo-N-methyl-
L-valyl-L-tryptophanol (1 1).

Since introduction of bromine via the above-mentioned diazotization was unsuccessful, direct bromination
was attempted (Fig. 3). Compound 12 prepared from Boc-N-methyl-L-valyl-L-tryptophanol by the method of
Kogan etal. 15 was treated with bromine in acetic acid. The 6-bromo derivative (1 3) was obtained in a 7% yield
along with the 5-bromo derivative (14, 13%). Compound 1 3 was reduced and deprotected to give 6-bromo-N-
methyl-L-valyl-L-tryptophanol (15) in a 40% yield. 5-Bromo-N-methyl-L-valyl-L-tryptophanol (16) was
similarly obtained from 14 in a S0% yield. Other 6-substituted cyclization precursors (20 and 21) and 1-, 5- or
7-substituted ones (17, 18, 19 and 2 2) were synthesized from corresponding commercially available tryptophan
derivatives by the method reported previously!3 as shown in Fig. 4.

The feeding experiment of these cyclization precursors with . blastmyceticum NA34-17 was done by the
method reported previously. 13 Since the initiation of the (-)-indolactam-V (1) production varied with the cultural
conditions, the optimum time to add the cyclization precursors and to harvest the culture broth was guided by the
pH of the medium; each precursor was added to the medium at the pH bottom (ca. 6.0) and the culture broth was
harvested 12 hours after the pH recovered to 6.8.

Table 1 and Fig. 5 summarize the results of the microbial conversion. Among the methyl substituted
precursors (17, 19, 21 and 22), 6,N-dimethyl-L-valyl-L-tryptophanol (2 1) was most efficiently converted into
the corresponding indolactam (2 7). The conversion yields of the 6-fluoro and 6-bromo derivatives (20 and 15)
were higher, and comparable to that of the natural precursor, N-methyl-L-valyl-L-tryptophanol. 7-Methyl
derivative (22) was moderately converted into the cyclized product (28). However, 1-methyl, 5-methyl and 5-
bromo precursors (17, 19 and 16) did not yield any cyclization products. These findings indicate that the steric
requirement at positions 1 and 5 of N-methyl-L-valyl-L-tryptophanol is strict. Of course, it is probable that the
imino group at position 1 participates in the hydrogen bonding at the enzyme surface. Although 6-methyl, 6-
fluoro and 6-bromo precursors (21, 2 0 and 1 5) efficiently cyclized, the cyclization yield of the 6-iodo derivative
(11) was only 0.3%, and 6-nitro, 6-amino and 6-acetylamino derivatives (6-8) did not yield any cyclization
products. An electronic effect is also deduced to be an important factor to affect the cyclization yield, but the fact
that both 6-nitro and 6-amino precursors (6 and 7) with the electron-withdrawing and donating substituent,
respectively, did not yield any cyclization products suggests that the steric factor and the hydrophobicitiy are
more critical. The relatively high specificity of the cyclization enzyme to these substituted precursors is a strong
circumstantial evidence of the biosynthetic pathway!® that the cyclization at position 4 occurrs before the
introduction of a monoterpenoid moiety at positions 6 and 7 of the indole ring.

Since bulkiness of a substituent at position 6 seems to decrease the efficiency of the microbial conversion, a
precursor with a larger alkyl substituent than iodine could not be a substrate of the cyclization enzyme.
However, the palladium catalized coupling reaction’ of 6-halogenated indolactams as 25 and 26 with olefin
would give a variety of 6-substituted indolactams. Thus, this microbial conversion is a convenient method to
prepare various 6-substituted indolactams as well as 12-substituted ones because teleocidin-producing micro-
organisms are very common.+19
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