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Abstract: To investigate the conformation-activity relationship, new indolactam derivatives with a fluorine atom 
at position 5 or 6 were synthesized. (-)-5-Fluoroindolactam-V (2) existing mainly as the sofa conformer in 
solution was far less biohrgicaliy active than (-)~fl~~~~~rn-V (3) existing mainiy as the twist conformer. 
This suggests that tbe sofa conformation of (-)-indolactam-V (1) is not a bioiogicaily active form. 

Teleocidins (for example, teleocidin A-l and teleocidin B-4)t-3) are potent skin tumor promoters’) 
produced by actinomyottes. Teleocidins and their core structure (-)-indohactam-V (1)516) exist as two stable 
conformers, a twist and a sofa form, in solution at room tempemture.~ Although recent structure-activity studies 
using a number of indolactam derivativesst3) have revealed the essential structural factors for ~rn~-~~~g 
activity, the active conformation of teleocidins remains unclear. To solve this problem, conformationaily 
restricted analogues of teJeocidins are indispensable. We have previously mported that 5-substituted indolactam 
derivatives such as (-)-$acetyl- and (-)-5_chloroindolactam-V exist exclusively as the sofa conformer.r4) 
However, the biological activities of these derivatives are expected to reflect both the ~fo~o~ change and 
the steric effect at position 5 of the indole ring. To estimate more exactfy the activity of the sofa conformer, it is 
necessary to minimize the steric, electronic, and hydrophobic effects of the substituent at position 5. The most 
promising candidate is (-)J-fluoroindolactam-V (2). This communication describes the synthesis and biological 
activities of (-)-5-~~&l~-V (2) along with those of ~-)~fl~~~~-V (3) as a positive control. 

Sii most fluorir&ng agents are explosive, toxic, or unstable mater& which require special equipment 
and techniques, and since the locus of electrophilic substitution reactions on (-)-indolactam-V (1) is position 7,14) 
we abandoned the route of the direct fhrorination of 1. We have recently shown that the microbial conversion of 
semmpounds (N-metbyl-L-amino ~dyl-~-~ol) of indolactams is a simple and convenient method to 
~~~~~~~~~~15) lb emfore we tried to expand this microbial conversion to substituted 
N-methyl-L-vaJyl-L-tryptophanois; 2 and 3 were synthesized from the -ding fluorinated DL-&ypt@ans 
using the micfobiaI cxmvcrsim as a key step 

(-)-lndolactam-V (I) Telccmdm A- I Teleocldm B-4 
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4: R,=F, R,=H 2: R,=F, R,=H 
5: R,=H, R,=F 3: R,=H, R,=F 

a) SOCI,, MeOH, reflux b) LIAIH,. THF. reflus c) Boc-N-meth)I-I.-~allne. DCC. HONSu, THF 
d) i) 1 M HW.4cOH ii) NaOH, H20. McOH e) S. b/nsff~~~ce?icw?r NA34-17.36hr 

Figure 2 Synthesis of fluorine-substituted indolactams (2 and 3). 

Table 1. Several characteristic signals of the ‘H NMR spectra of (-)-indolactam-V and its fluorine-substituted 

analogues in CDcls (4OoMHz) 

Position b (multiplicity, J in Hz) 

(-)-Indolactarn-V (1) (-)-5Fluoroindolactam-V (2) (-)-6Fluoroindolactam-V (3) 
twist conformeP sofa conform@ sofa conform& twist conform@ 

1 

10 
12 
I4 

I5 
16 
17 
18 

8.03 (br.s) 8.35 (br.s) 
7.36 (br.s) 4.74 (d, J=11.6) 
4.40 (d, J=lO.l) 2.99 (d, J=ll.O) 
3.57 (dd, J=11.3, 8.5) 3.41 (dd, J=ll.O, 7.0) 
3.74 (dd, J=11.3, 3.7) 3.46 (dd, J=ll.O, 6.4) 
2.60 (m) 2.40 (m) 
0.63X (d, J=6.7) 0.94’ (d, J=6.4) 
0.93# (d, J=6.4) 1.25’ (d, J=6.4) 
2.92 (s) 2.75 (s) 

8.27 (br.s) 
4.72 (d, J=l 1 .O) 
2.90 (d, J=l 1.0) 
3.43 (m) 

2.46 (m) 
0.945 (d, J=6.7) 

1.265 (dd, J=6.7, 3.4) 
2.76 (s) 

7.98 (br.s) 
7.18 (br.s) 
4.40 (d, J=10.4) 

3.57 (dd, J=11.3, 8.5) 
3.75 (dd, J=ll.3, 3.7) 
2.59 (m) 
0.64’ (d, J=6.7) 
0.93* (d, J=6.4) 
2.88 (s) 

%ofszhwst= I:45 (O.O33M,27“C). bsofa z 95% (0.013M.27°C). csofa:twmt = 1:15 (0.015M.27"C). 
dAssqnmmts bearing the same. symbol msy be reversed. 

The secocompounds, 5-fluoro- or 6-fluoro-N-methyl-L-valyl-L-tryptophanol (4, ?+),I@ were synthesized 
from Rot-N-methyl-L-valine and DL-5- or DL-bfluorotryptophan by the method reported previously.t5) 
Compounds 4 and 5 were then converted to 2 and 3”) at 6.7% and 8.1% yield, respectively, by Streptovertici- 
Ilium blastmyeticum NA34- 17 (Fig. 2). ~8) This is the first report of synthesis of 6substituted indolactams. 
Since the orientation of the electrophilic substitution reaction on 1 is position 7, 14) this microbial conversion 
would be a simple and convenient method to prepare a series of 6-substituted indolactams; in fact, we have also 
succeeded to synthesize (-)-6-methylindolactam-V by a similar method (data not shown). The tH NMR spectra 

indicated that 2 and 3 existed mainly as the sofa and the twist conformer, respectively (Table 1). This was 

determined by several characteristic signals of the two conformers.7) The sign of [o]D of 2 was opposite to that 

of 3.17) indicating the existence of a large difference in the te-tiary structure between them. 
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Table 2. Biological activities of (-)-indolactam-V and &nine-substituted analogues 

Compound 
~~~ti~ of specific Incorporation of ‘*Pi into ph~holi~ds of HeLa cells 

[3HlTPA binding* 
relative cpmlmg of protein 

DDsoOogl/M) lo-%4 10-M l*M 10% 10dsM 

DMSO (controls 1.00 (0.06)d 

(-)-Indolactam-V (1) 5.97 (0.10) 1.04 (0.05) 1.36 (0.22) 4.69 (0.49) 7.82 (0.37) NTt 

(-)-5-Pluoro- 4.41 (0.14) NT 1.29 (0.07) 1.28 (0.06) 3.57 (0.33) 5.32 (0.38) 
indolactam-v (2) 

(-)-6Phtoro- 5.85 (0.01) 1.18 (0.13) 1.78 (0.01) 7.43 (0.20) 6.87 (0.00) NT 
indolactam-v (3) 

‘Ihir tnbibiti~ -y w= c&at out by the c&d aceiom fiitcx m41od.l~) %iis resly WUI done by the me&xi qorted 
pviourdy*o) with slight nedifiutiom.lf) Co.% DMSO. dStmdud deviation. %ot tested. 

The tumor-promoting activity of these compounds was examined by two in vitro bioassays: binding 
affinity to the 12-Qtetradecanoylphorbol-13-acetate (TPA) receptor in the mouse epidermal particulate fraction 
and stimulation of the astir of radioactive inorganic phosphate (32Pi) into pho~holipi~ of HeLa c&Is. 
Tabie 2 summarizes the results of these assays. The binding affinity of (-)-5fIuoroindolactam-V was about 1140 
of that of (-)-indolactam-V and about l/30 of that of (-)-6-fluoroindolactam-V. (-)-Indolactam-V had a maximum 
increase of ssPi incorporation at lo-5M and (-)-6-fluoroindolactam-V at 1tiM. By contrast, (-)-5fluoro- 
indolactam-V did not maximally increase the s’Pi incorporation even at 10-4sM. These two biological activities 
correlated very well for each derivative. 

The sofa form has been hypothesized to be very close to the active ~nf~mation of teleocidins from the 
results of the superposition of teleocidins and phorbol eaters*tf and molecular dynamics calculations.22) 
However, our present findings suggest that the sofa conformation of (-)-indolactam-V is far from the 
biologically active form because (-)-5-fluoroindolactam-V existing mainly as the sofa form was biologically 
nearly inactive. A similar conclusion has been recently reported by Kozikowski et u,Lz) and Ohno et oL=) using 
newly designed benxolactams, in&la&m analogues without pyrrole moiety. A high levei of the activities of (-)- 
~flu~oi~~~-V existing mainly as the twist form seems to indicate that the active conformation is the twist 
form. However, according to Kawai et uL~) at least ten conformations of indolactams should be considered as 
candidates for the active conformation because of the low energy barrier among them. In conclusion, the present 
study excluded the possibility of the sofa conformer as the biologica.lly active form. Further synthetic studies of 
other conformationaly restricted analogue-s are necessary to determine the active conformation of teleocidins. 
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