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In connection with synthetic study on sporidesmins} we have had a chance to synthesize
the carboxylic acids (Ia) and (Ib) as synthetic intermediates. When the acids (Ia) and (Ib)
were heated in dioxane, a stereoselective decarboxylation took place to afford the cis diketo-
piperazine (IIa) as a major product. In this communication we would like to report this re-
action, which is expected to have an extensive application not only for the new synthetic method
of cis diketopiperazine but also for an asymmetric synthesis of a-amino acids and the related

compounds.

The procedure used for decarboxylation is as follows: after the acid (100 mg) is re-
fluxed in dioxane (10 ml) for 60 min under a nitrogen atmosphere, the product is isolated by a
silica gel column chromatography. Thus, from the trans acid (Ib)g’3 the optically active cis
diketopiperazine (IIa)4 and the trans isomer (IIb)5 were produced in the ratio 6:1 (090% yield).
The configuration of the new asymmetric center was deduced from the analysis of nmr spectra;
namely, the methyl signal of the L-alanine moiety of the cis isomer (IIa) appears in an abnormal-
ly up-field position (0.32 ppm), while the signal of the trans isomer (IIb) appears in a normal
position (1.25 ppm)? Starting from the cis acid (Ia)? the cis (IIa) and the trans diketo-
plperazine (IIb) were obtained in the exactly same ratio as the one obtained from the trans acid
(Ib). The possibility that this reaction is thermodinamically controlled was excluded from the
equilibrium experiments on IIa and Ilbz

To examine the generality of the stereoselective decarboxylation, the compound bearing

no substituents on the indole ring was examined next. Either from the trans acid (IIIb)3 or
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(Ia) X=C1, Y=OCH3, R=CH3: cis isomer (I1a) X=C1, Y=OCH3, R=CH3: cis isomer
(Ib) X=Cl, Y=0CH3, R=CH3: trans isomer (IIb) X=C1, Y=OCH3, R=CH3: trans isomer
(ITIa) X=Y=H, R=CH3: cis isomer (Iva) X=Y=H, R=CH3: cis isomer
(IIIb) X=Y=H, R=CH3: trans isomer (IVb) X=Y=H, R-CH3: trans isomer
(Via) X=Y=R=H: cis isomer (VIIa) X=Y=R=H: cis isomer
(VIb) X=Y=R=H: trans isomer (VIIb) X=Y=R=H: trans isomer

from the cis acid (IIIa)? the optically active cis diketopiperazine (IVa)8 and the trans isomer
(IVb)9 were yielded in the ratio 6:1 (D90% yield), which was exactly same as the one obtained from
the acid (Ia) or (Ib). As the cis diketopiperazine (IVa) had been already synthesized from L-
tryptophan and L-alanine by Witkop et alJ,'0 it was possible to determine the optical purity of the
material synthesized by this method from a comparision of [a]D values: [a]g0 +22° (¢, 0.33 in DMF)

was given by Witkop et al and [u.]g0 +22.5° (¢, 0.33 in DMF) was obtained from this experiment.

One of the explanations for this reaction is that the stereoselectivity could be re-
sulted from a stereospecific protonation to the enol (V), which is produced either from the cis
acids (Ia and IlIa) or from the trans acids (Ib and IIIb). Now, the stereospecific protonation
could be attributed to the steric hindrance of the lone pair electrons of the Nl-nitrogen atom
against the protonation to the enol (V) from its top side, because the methyl groups on C6
and N1 are supposed to occupy a quasi-equatorial conformation from a steric reason and hence the
lone pair electrons of the Nl—nitrogen atom, which is located in the position of 1,3-relationship

with the reaction center, will have a quasi-axial orientation. If this proposal is correct, a

different situation is expected on decarboxylation of the compounds (VIa) and (VIb), in which the
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methyl group on the N.-nitrogen is lacking. Namely, because in the enol derived from these

1
acids the lone pair electorns of the Nl-nitrogen and the methyl group on C6 are supposed to
occupy a quasi-equatorial conformation from a steric reason and hence the proton on the Nl—
nitrogen will have a quasi-axial orientation, a more space is open for the protonation to the
enol from the top side of the molecule compared with the previous case. Indeed, either from
the trans acid (VIb)3 or from the cis acid (VIa)3 the mixture of the cis (VIIa) and the trans

diketopiperazine (VIIb) were produced in the ratio 3:2.11

The study to apply the stereoselective decarboxylation to a general synthesis of the

optically active diketopiperazines and to extend it to an asymmetric synthesis of o—amino acids

and the related compounds is in progress.
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