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LEWIS ACID CATALYZED DIELS-ALDER REACTION OF
3-PHENYLTHIO-2-QUINOLINONES WITH SILOXYDIENE.
SYNTHESIS OF THE INTERMEDIATE FOR DYNEMICIN A CORE
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Preparation of the 1-methoxycarbonyl-3-phenylthio-2-quinolinone (10) from dihydro-2-
quinolinone (5) and its Diels-Alder reaction with 2-trimethylsilyloxy-1, 3-butadiene under
Lewis acid catalyst is described. Conversion of the D-A adduct (11) to 9-phenanthridirone
ketal (16) will open a new synthetic route to a dynemicin A core structure.
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Much attention has been paid to the synthesis Dof dynemicin A because of its unique structure and remarkable
antitumor activity.z) We have already demonstrated the synthetic utility of the Diels-Alder (D-A) reaction of 3-alkyl-
dihydropyridinones3) and 3-pheny1thio—dihydropyridinones,4) the former being successfully applied to the marine
alkaloid manzamine A core synthesis. Further extension of these D-A tactics has now led us to investigate the related
D-A process, in which 2-quinolinone derivatives (e.g. 3) are employed as a novel dienophile, with the aim of a
synthetic approach to the dynemicin A core structure (e.g. 1), as summarized in Chart 1.
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Chart 1 Conditions: a) n -BuLi, MOMCI, THF , - 78 °C, 94.5 %; b) KN(TMS), (4 eq),
3 4 PhSSPh (3 eq), THF, - 78 °C, 96.0 %; c) TMSI, CHCl,, or cHCI, MeOH; d)

NaH, MeOCOCI, THF, 1, 93.0 %, 2 steps ; e) toluene, 120 °C, 86.8 %

We envisaged that the 9-phenanthridinone (2), in which the alignment of the carbonyl functionality is totally

different from the previously reported intermediates,) could be a versatile intermediate for the dynemicin A core (1).
(Chart 1) A closely related compound is described in the recent approach to the optically active dynemicin A by
Myers' group, 1b) which prompted us to describe here our own research in this area.

For a successful Diels-Alder reaction, the dienophile had to be carefully designed.3’ 4) Thus, N-MOM-dihydro-
2-quinolinone (6), easily prepared from §, was treated with a base [KN(TMS)7 or #-BuOK, ~4 equiv.] in the presence
of PhSSPh (3 equiv.) to afford the N-MOM-3-phenylthio-2-quinolinone (7) in 96 % yield. Deprotection of the N-MOM
group in the usual manner gave an N-H derivative (8), to which an electron-withdrawing group should be added to gain
higher reactivity as a dienophile.
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Table 1. Diels-Alder Reaction of 2-Quinolinones

P. R
| j Lewis acid
ZNomMs

11: R=SPh, P=COOMe

Calculation (PM3)

Dienophiles
Run P R Lewis acid (2eq) Solvent Temp. Result HOMO LUMO
1 CO:Me SPh _— Toluene Reflux NR
2 CO.Me SPh EtAICI, Toluene rt 11 60~70% -8.6021 -1.0070
3 COzMe SPh Et,AICI Toluene nt 11 11%
4 COzMe H EtAICI, Toluene rt NR -9.1604 -0.9234
5 MOM SPh EIAICY, Toluene n NR -8.4333 -0.9096
6 MOM SPh EtAIC!, CHCl» rt NR
7 MOM SOPh EtAICI, Toluene t NR R- -8.9305 -1.0760
S- -8.8960 -1.0357
8 H SPh EAICL Toluene i NR

Preliminary MO(Molecular Orbital) calculation?) (see Table 1) revealed that the alkoxycarbonyl group could be
a choice for activation of 8. The methoxycarbonylation of 8 afforded stable O-protected compound (9) in high yield.
Thermal rearrangement (Chapmann rearrangement) of 9 into the N-COOMe derivative (10) was effectively carried out
by heating (toluene, or dioxane, 120°C) to furnish the desired dienophile (10)6).(Chart 2)

The stage has now been set for the D-A reaction of (10). Although attempted thermal reactions of 10 with 2-
trimethylsilyloxy-1,3-butadiene or more reactive Danishefsky diene were unsuccessful, Lewis acid-mediated reactions
were found to be promising, as observed in the previous case.?) Results are summarized in Table 1, in which EtAICIp

was a more effective reagent for this transformation than Et AlCI or ZnBr2.7)

Other more modern catalysts such as methylaluminium bis(4-methyl-2,6-di-tert-butylphenoxide) (MAD),
Sm(OTf)7, Smlp, Yb(OTf)3, Sc(OTf)3, and SM-LiClO4-ether were tested with more stable 2-triethylsilyloxy-1, 3-
butadiene, with no fruitful results leading to a decomposition of the diene along with recovery of the dienophile.

Efforts were still continuing for the discovery of the more efficient catalyst for this process, because the best
conditions (run 2) suffered tedious purification steps from unreacted dienophile and reprotection of the N-H adduct
formed by the deprotection of N-COOMe group by Lewis acid catalyst.
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Chart 3
a) i. mCPBA, CH,Cl,, 0°C, 15min; ii. benzene, reflux, 3h, 92%; b) HOCH,CH,OH, p-TsOH , toluene, reflux, 3h, 100%,; c)

10%NaOH, MeOH-CH,Cl,, 1it, 1h, ~100%; d) 2,6-di(t-Bu)-pyridine, TH,0 (1.5eq), CHsCN, 0°C, 30min, 90%; e) Pd(PPhs)s, EtsN,
HCO,H, DMF, 60°C, 15min, ~100%; f) DIBAH (1eq.), LAH (2eq.), THF, reflux, 1h; g) Oz, SiOz, CH2Clz, 1, 72h, 31% (2 steps)
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We next turned our attention to the conversion of the adduct (11)®) into the requisite intermediate for dynemicin
A substructure. Elimination of the SPh group via oxidation (mCPBA) and thermal elimination afforded the olefin (12).
Ketalization of the carbonyl followed by deprotection in the usual manner gave 14.

Two different routes were devised for the lactam ring aromatization of 14: the first one was based on the
conventional protocol, which involved a reduction-reoxidation sequence, as shown in steps f and g in Chart 3. This
process suffered a low overall yield, especially in a large-scale operation. The second one utilized an efficient Pd-
mediated reductive elimination10:9) of the triflate (15), which was proven to be a useful process (steps d and e, Chart

3) to give 1610) in 90% yield from 14. Further conversion of 16 to the enediyne derivative is now in progress and will
be reported in due course.
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