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Summary: Artificial steganacin aza-analogue 3 was designed and synthesized in a quite efficient way.
Aza-analogue 3 was shown to be endowed with promising in vitro and in vivo activity higher than
natural steganacin (-)-1.

Power of organic synthesis is expected to play an important role in the creation of artificial
compounds of promising biological activity.l In our program aimed at the creation of new compounds
of antitumor activity based on the steganine lignans (for example, steganacin (-)-12~4), we have shown
that isopicrostegane ((-)-2),3 one of the four skeleton isomers, shows a potent cytotoxicity higher than
natural steganacin.6 The mechanism of action of 2 was shown to be based on the inhibition of
microtuble assembly.7 Expecting to develop a new leading structure for anticancer drugs we started a
next stage study. In the present communication we describe design, synthesis, and biological activity of
new artificial isopicrostegane aza-analogue 3. Furthermore, a boat-chair conformation of dibenzo-
cyclooctadiene is proposed to be a biologically active form.

()1 (-)-2 3

The guide lines we set for the creation of candidate was categorized as follows: (1) the
stereochemical structure has the most similarity to isopicrostegane; (2) carbonyl oxygen should have
enough electron density to form hydrogen-bond; (3) the compounds have minimum stereoisomers; (4)
the synthetic route is as short as possible; (5) optically pure compounds are readily available.

On the basis of the guide lines we designed
3 as an aza-analogue of isopicrostegane (-)-2.5 0
Atropisomerism and carbon center at the B-
position of lactone carbonyl group of 3 have the
same relative configuration and the center ¢ t0  MeO
the carbonyl is a sp2 nitrogen, reducing one
asymmetric center, The isomeric compounds 4 Me
is, however, analogue of picrostegane (-)-5
which showed weak cytotoxicity.6
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The synthesis began with the preparation of racemic amino acid 6. According to the reported
procedure® acetylaminomalonate was alkylated with piperonyl chloride to afford, after hydrolysis and
decarboxylation, the corresponding known amino acid 6. Reduction of 6 with lithium aluminum
hydride and treatment of the corresponding amino alcohol 7 (mp 80-82 °C) with diethyl carbonate
provided the urethane 8 (mp 82-83.5 °C).9 Alkylation of 8 with trimethoxybenzyl bromide furnished
9 (mp 95.5-97.0 °C). Nonphenolic oxidative intramolecular coupling of 9 by the action of VOF3 in
methylene chloride-trifluoroacetic acid gave rise to a mixture of separable two diastereoisomers 3 (mp
185-186 °C) and 4 (mp 167-168 °C) in a ratio of 60:1 (determined by HPLC of crude products) in 98%
combined yield.3,10 The major product was assigned to 3 on the basis of H-NMR spectroscopic
analysis.I1 Coupling constants between the methine proton o to nitrogen and benzylic methylene
protons are 0 and 9.9 Hz, indicating major product as 3. On the other hand, those of minor product are
2.0 and 6.6 Hz, indicating minor product as 4.

Heating of 3 at over the melting point established constant equilibrium to afford a mixture of 3
and 4 in a ratio of 40:1. In turn heating of 4 also provided a mixture in the same ratio. These
thermodynamic behavior of the two isomers come from the isomerization of pivotal bond of biphenyl
skeleton.5 The preferred stability of 3 to 4 is attributed to the stability of the boat-chair conformation
of dibenzocyclooctadiene of 3 rather than the boat-boat conformation of 4.

Molecular mechanics calculations using Allinger's MM2 force field12 indicate that 3 is stable
more than 4 by 3 kcal/mol, consisting with the established equilibrium ratio. Dihedral angles of the
calculated structure also support assignment of the structure on the basis of 1H-NMR. Dihedral angles
for the corresponding bond arrangement described above, -72 and +172 deg for 3 obtained by
calculation and -90 and +24 deg for 4 are in good agreement with the coupling constants observed.

Preferred formation of 3 rather than 4 is attributed to stability difference between the two
conformers of the intermediate of the reaction. The favorable intermediate 10, in which seven
membered ring maintains chair conformation, leads to 3 through spirodienone-phenol-type
rearrangement. On the other hand, unfavorable intermediate 11, in which seven membered ring
maintains boat conformation, leads to 4.

It is noteworthy that 3 was readily prepared in quantity from the known amino acid 6 in four steps
in 57% overall yield.

Lithium aluminum hydride reduction of 3 and 4 provided the corresponding amino alcohols 12
(THF, reflux for 2 h, 82%, mp 88-90 °C) and 13 (THF, reflux 1.5 h, 23%), respectively. N-Formyl
alcohol 15 was also obtained as a by-product by reduction of 4 (13%). The amino alcohol 12 was
acetylated to 14 (Ac20/Py, 1t for 2 h, 91%, mp 199-201 °C for hydrochloride).

We are very pleased to find that 3 showed promising in vitro cytotoxic activity (EDsg <0.3 pg/ml
against KB cell) as well as in vivo activity (T/C 137) against experimental tumor in P388 mouse. The
activity is superior to those of natural lignan (-)-steganacin 1 as a leading compound.® On the other
hand, marginal cytotoxicity was observed in the assay of 4 (47 pg/ml).

The amino alcohols 12, 13, and acetyl amine 14 showed the similar potency of activity (EDsg 1.1-
1.65 pg/ml). It is quite interesting that N-formyl alcohol 15 showed an activity (ED50 <0.3 (Lg/ml)
higher than the parent compound 4.

These variations in biological activity suggest that boat-chair conformation is an essential
structure for biological activity., Boat-boat conformation of inactive 4 is converted to boat-chair
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a) LiAIH4/THF, reflux for 2 h, 70%,; b) OC{OEt),-NaOEVEtOH, reflux for 4 h, 89%; c) NaH-trimethoxy-
benzy! bromide/THF, reflux for 5 h, 96%,; d) VOFy/CH,Cl,-CF3CO,H, -42 °C for 3 h, 96% for 3, 2% for 4.

13 R=Me
15 R=CHO
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conformation by releasing rigidity through reductive opening of five membered ring, and then 13 and
15 showed activity. Furthermore, the presence of carbonyl group in a specific orientation is
advantageous to show activity, and then 3 and 15 are of the most potent compounds.

We believe that conformation-activity relationships revealed by this work are useful in the

development of the future anticancer drug.

Further study along this line including synthesis and evaluation of optically pure compounds is

now in progress in our laboratories.13
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