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a- A study of the oxidation of ring-A methoxylated llb-methoxywbonyl- 

Z 3 , S , 6 , l l , l l b - h e x a h y d r o - 3 - o x o - l H - i n d o ~ o l e s  (8a - &) with DDQ in aqueous 

tetrahydrofuran was carried out. Treatment of 8a - & under these conditions effected 

regiospecific oxidation at C-6 in yields ranging from 40-73% to provide the corresponding 

ring-A methoxylated 3,6-dioxo-W-indolizino[8,7-blindoles (Ua - lk), respectively. The 

oxidation of the 7,8,9-trimethoxy analog (Sd) also gave the box0 derivative (Ud), albeit in 

low yield. In contrast, the reaction of 8.10-dimetho@dolizino[8,7-blindole (&) with DDQ 

(aq. THF) generated the quinone (W), the structure of which is reminescent of the 

mitomycins. A proposed pathway for the origin of quinone (1Ze) is presented. 

Recently, the synthesis of the cytotoxic antileukemic alkaloid 1-methoxycanthin-6-one (1) was 

reported.' This alkaloid and related congeners exhibit qtotoxic, antileukemic activity vin their 

inhibitory effects on DNA synthesis in GPK epithelial cells." 

It is known that oxygenation of the canthind-one skeleton at position-1 or in ring-A enhances the 

cytotodc antileukemic activity of these bases." 
0% R' 

1 Za, R' = OCH, 3% R ' = 0CH3 
Zb, R' = H 3b. R' = H 

It is possible that these planar canthind-one alkaloids may undergo oxidation of ring-A in vivo, 
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analogous to the oxidation of the serotonergic neurotoxin 5,7-dihydroxyuyptamine? to provide 

quinone intermediates (see 2 - 3) which elicit the cytotoxic activity. On the other hand, these 

alkaloids may demonstrate the multimodal mechanism of action which is exhibited by the planar 

antitumor drugs in the ellipticine series.43 This is especially important in regard to the activity of 2. 

methyl-9-hydroxyellipticinium acetate, because of its known therapeutic use and the proposed 

involvement of a quinone-imine in the mechanism of antitumor action43 

Efforts recently have centered on an approach to the synthesis of ring-A substituted canthind-ones 

both in the natural (see 4) and u ~ a t u r a l  series (see 5) in order to evaluate the importance of ring-A 

OCH, o c y  

4 5 
on cytotoxic activity. The crucial step employed in the previous synthesis of alkaloid (1) was based on 

the regiospecific dichlorodicyanoquinone (DDQ) oxidation (THF/H~O)~ of an llh-methoxymbonyl 

substituted [8,7-b]indolizinoindole (6) to provide the 6-0x0-p.7-blindole (7):~' as illustrated below. 

Scheme 1 
0 

6, R = C02CH3 7, R = C02CH3 

The constmaion of the required ring-A substituted methyl (alkoxy)-2,3,5.6,11,llb-hexahydr~3-oxo[8,7- 

b]indolizinoindole-llb-carhoxylates (8n - &) was accomplished either by the Moody a ide  

Scheme 2 
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pyrolysis/gramine protocol (88 and &)' or by the carboayl-mediated Pictet-Spcngler reanion (84 8d 

and ~ e ) . ~  The proposed pathway for the latter process is outlined in Scheme 2. The details of this 

chemistry are described in references 7-9 and need not be repeated here. 

Table I: DDQ oddation of methoxy substituted llbsarbometboxy-ZJ3,6,1l,llb-hwhydro-J-ox0.W- 

indol~o[8,7-b]lndolea 

EnVy Substrate Rodua (yield %) 

5. CYmO 
cyo w* 

These yields have not been madmired to date. Additional material remains in the mother liquor. 
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In order to extend the DDQ technology to the synthesis of ring-A oxygenated canthin-6-ones, the 

methoxy substituted [8,7-b]indolizinoindoles (8a - 8e) were treated with D W  in aqueous THF at 

25.~' The results are summarized in Table 1. The three mcthoq substituted analogs (8a). (8b) and 

(&) M h e d  the desired 6-0x0-[8,7-b]indoLizinoindoles (UP, Ub, l&) respectively, in moderate yields 

(40 -73%). Moreover, the 7,8,9-trimethoxyindoLidnoindole (Sd) gave 6-0x0 analog (Ud) on treatment 

with D W ,  while the 8,lOdimethoxy derivative Furnished the quinone ( W )  when oxidized under the 

same conditions. The structure of quinone (12e) is reminiscent of those of mitomycins. The structure 

of Ue was determined by comparison of the spectral data with that of quinones in the mitomycin 

series?~'~ as illustrated here. The proton chemical shift for H-6 in the proton spectrum of Ue is 

similar to that in the mitomycin derivative (lZg)?@' More importantly, the carbon-I3 urn chemical 

shifts for carbon atoms (4, 6, and 7) in W are almost identical to the corresponding signals in 

mitomycin analog (Ug) (see Figure 1). These signals are much different from those observed for the 

ofioquinone ( ~ h ) "  (see Figure 1) and suggest that paraquinone ( W )  is the correct structure rather 

than onhoquinone (Ur). 

Figure 1 

lk, 'H nmr (CDCI,) r 5.65 65-6)' Ur 
"C nmr (CDCI,) & 105.78 (a). 
177.42 (C4), 178.18 (C-7) 
uv-vir (pH 7.4) A, 493,340. 
ZSS, 235 nm; p H  = 2 (no shih) 
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Furthermore, the values of 1, in the uv-visible speNum of paraquinone (W) are similar to those 

of paraquinone (UJ) (in the protonated phenolic form, pH 2). but mu& diEerent from the 

absorbances of either nrthoquinone (Uh)lob or (Ui).'" Taken together this evidence supports the 

structure of paraquinone (W), as reported rather than the alternative U t  Additional support for this 

assignment can be gleaned from the assignments for the model compounds (Uh-IZj) cited in 

references 3, 10, 11 and 12. 

As shown in Table I, the midation of methoxy substituted 18,7-blindolizinoindoles (8n - 8d) with DDQ 

is not exceptional and occurs with the same regiocontrol as the parent,' albeit the yields from Entries 

1 and 4 are Low. More importantly, the oxidation of the 8,lO-dimethoxy analog (&) furnished quinone 

(I&). This suggests that analogs related to 5 may exhibit enhanced cytotodc activity in vivo in 

comparison to natural producls such as 2 and 4. 

The mechanism for the formation of the 6-0x0-[8,7-blindolizinoindoles (Ua, Ub, lk and W) follows 

that earlier reported by Oikawa and ~onemitsu .~  A proposed pathway for the conversion of & into 

1Ze is outlined in Scheme 3. It is believed a charge transfer complex6 forms between & and D W  to 

provide the quinone-kine intermediate (13A). The charge on oxygen can be equally distributed 

Scheme 3 

h 0  
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between mesomeric structures (13A)and (138) facilitating attack of water at C-7 of ring-A to provide 

14, as illustrated. Loss of a proton from the monol (14) would generate the 8,lOdimethoxyphenoI 

(IS) which is oxidized by D W  to quinone (120) v k  the intermediate oxonium species (16). This is 

similar to the oxidation of aromatic compounds which contain methoxyl and hydroxyl groups disposed 

para to each other as reported in the ~iterature."~ 

The preparation of the 3.6-dioxo[8,7-b]indolizinoindoles (Ua - Ud) provides access to intermediates 

required for the synthesis of a number of natural and unnatural canthin-6-ones12 bearing oxygen 

functionality in ring-A The DW-mediated conversion of the 8,lOdimethoxy analog (Be) into quinone 

(120) provides evidence that the enhanced cytotoxic activity of ring-A oxygenated canthin-6-ones may 

originate from quinone-imine3.s intermediates related to 13A and 138 or to quinone (1%). The 

similarity between 120 and the mi t~m~cins '~  is worthy of note. 

EXPERIMENTAL 

Microanalyses were performed on a F and M Scientific Corp. model 185 carbon, hydrogen, and 

nitrogen analyzer. Melting points were taken on a Thomas-Hoover melting point apparatus and are 

reported uncorrected. Proton nmr spectra and I3c nmr spectra were recorded on a Bruker 250 MHz 

spectrometer. Infrared spectra were taken on a Beckman Acculab-1 instrument, a Mattson Polaris R- 

104W, or a Nicolet Dx, while mass spectral data were obtained on a Hewlett Packard 5855 GC-mass 

spectrometer. 

AU chemicals were purchased from Aldrich Chemical Co. unless otherwise stated. Analytical tlc plates 

used were E. Merck Brinlunann uv-active silica gel. Silica gel 60b for column chromatography was 

purchased from E. M. Laboratories. The tlc plates were visualized under uv Light or developed with 

spray reagents. The 13,4-tetrahydro-0-carbolines were visualkd by using a standard solution of 

ceric ammonium sulfate in 50% sulfuric acid. The synthesis of indolizino[8,74]indoles (8n-8e) was 

canied nut as reported in reference 9. 

In a typical procedure the indolizinoindole (1 mmol) and DDQ (4 mmol) were admixed and placed in 

a flask under a nitrogen atmosphere. The solution of THF/H20 (10 ml, 9:l) was added and the 
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reaction mixture which took on a blue coloration was stirred at rwm temperature for 24 h. Ethyl 

acetate and aqueous saturated sodium bicarbonate solution were added to the red solution and the 

layen were separated. The aqueous layer was extracted with ethyl acetate and the mmbined organic 

layer was dried over sodium sulfate and passed through a column of neutral alumina Tbe solvent was 

removed under reduced pressure. Ether was added to preapitate the ko-[8.7-b]indolizinoindole 

which was filtered from the medium and dried. 

Methyl &methoxy-2J$,6,11,11b-hexnhydm-3,6dioxo--indoluo[8,74]indolllnrlnte Ub: 

mp 238-239°C (EtOAc/EbO); 'H nmr (DMSOd,J 6 2.20-2.80 (m 4H), 3.70 (s, 3H), 3.75 (s, 3H), 

3.80 (d J = 18.0 Hz, lH), 4.40 (d, J = 18.0 Hz, IH), 6.85 (d, J = 8.0 Hz, lH), 7.45 (m, W), 1220 (s, 

IH); u (KBr) 3170, 1736, 1700, 1644, 1469, 1244, 1180 an-'; ms, CI(CH4) (m/z) 329 (MH'). Anal. 

Calcd for Cl,Hl6N2O5: C, 62.20; H, 4.88. Found: C, 62.46, H, 4.95. 

Methyl 7~Q-trimetho~-2J$,6,11,11bhe~~hydm~3,6dio~0-~-indoIbin0[8,7-b]ind01e-11bs~boxyIa~ 

Ud: mp 244-245'C (EtOAc/EbO); 'H nmr (CDCIJ 6 2.40-3.10 (m, 4H), 3.85 (s, 3H), 3.90 (s, 6H), 

4.10 ( s  3H), 3.80 (4 J = 17.0 Hz, IH), 4.90 (d, J = 17.0 Hz, lH), 6.70 (s, lH), 9.30 (br s, 1H); ir 

(KBr) 3200,3000, 1750, 1675, 1650, 1450 cm-'; ms, CI(CH4) (m/z) 389 (M+ 1). Anal. Calcd for 

C1&,N201: C, 58.76; H, 5.15. Found: C, 58.61; H, 5.16. 

Methyl 7 - m e t h o x y - 2 J , 5 , 6 , 1 1 , 1 1 b - h m h y d m - 3 , 6 - d i o ~  Ua: 

m e  amido ester (84 (628 mg, 2 mmol) and DDQ (1.00 g, 4 mmol) were mixed together under a N2 

atm. THF (10 ml) was added followed by a mixture of THF/H20 (82, 10 ml). The reaction mixture 

was stirred for 24 h. D W  (1 equivalent) was added at 6 and 12 h intervals. The reaction mixture 

was diluted with EtOAc and extracted with aqueous NaHC03 (satd. solution). The EtOAc layer was 

dried over Na+O, and passed through a column of alumina (neutral). Evaporation of the ethyl 

acetate provided the target 1Zn (164 m& 25%): mp 130-132°C (EtOAc/EbO); 'H nmr (CDCI,) 6 

2.30-2.70 (m, 4H), 3.70 ( s  3H), 3.85 (s, 3H), 3.95 (d, J = 18.0 Hz, lH), 4.75 (d, J = 18.0 HZ, lH), 6.m 

(d, J = 8.0 Hz, IH), 7.10 (d, J = 8.0 Hz, lH), 7.20 (t, J = 8.0 HZ, IH), 11.20 (br S, IH); u (KBr) 3240, 

2945, 1750, 1673, 1595 6'; ms, CI(CH4) (m/z) 329 (MH'). Anal. Calcd for Cl1HL6N2O5 . 
0.25H20: C, 61.35; H, 5.11. Found: C, 61.69; H, 5.31. The yield in this reaction ean be increased to 
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40%. if one begins initially with Cequivalenu of D W .  

Methyl 9-metho~-2~$,6,11,1lbhexahydm.3,6-dioxo--indouho[8,74lindolllrlate 12c: 

The y-lactam (&) (0.79 & 2.5 mmol) and D W  (1.70 g, 7.5 rnmol) were mixed together and cooled to 

O'C. A solution of THF/H20 (20 ml, 91) was added dropwise. The blue-colored reaction mixture 

was warmed to rwm temperature. After 6 h another equivalent of DEQ was added and the reaction 

mixture was stirred overnight. Ethyl acetate and saturated NaHC03 were added and the layers were 

separated. The aqueous layer was extracted with EtOAc and the combined organic layer was dried 

over Na+04 and passed through a column of neutral alumina. The ethyl acetate was removed under 

reduced pressure. Ether was added to precipitate the product, which was filtered and dried to provide 

12c. (530 m& 65%): mp 240-242.C (EtOAcJEkO); 'H nmr (DMSOd6) 6 2.49 - 2.70 (m, 4H). 3.75 

(s, 3H), 3.80 (5, 3H), 3.85 (4 J = 18.0 H5 IH), 4.45 (d, .I = 18.0 Hz, lH), 6.90 (d, J = 8.0 Hz, lH), 

7.00 (br s, lH), 7.90 (d, J = 8.0 Hz, IH), 10.30 (s, 1H); "C nmr (DMSO-dd 6 29.04, 29.41, 47.06, 

53.39, 55.34, 64.49, 95.90, 109.66, 111.99, 117.10, 121.16, 137.54, 14636, 157.01, 169.83, 172.72, 186.18; 

ir (KBr) 3180, 1750, 1690, 1650, 1450, 1235, 1160 an-'; ms, CI(CH4) (mjz) 329 (MHf, 100%). Anal. 

Calcd for Cl7Hl6N2O5: C, 62.20; H, 4.88. Found: C, 62.53; H, 5.06. 

Methyl 8-methoq-7,l0-dioxo-2~$,6,ll,llb-hexahydm-3xo--indoino[8,74]indole-llbsarboxylate 

12e: The amido ester (84 (344 mg, 1 mmol) and DDQ (0.90 g, 4 mmol) were mixed together and 

placed in a round bottom flask. A mixture of tetrahydrofuranJwater (10 ml, 91) was added dropwise 

and the bluish-green colored solution was allowed to stir for one day at roam temperature. Aqueous 

saturated sodium bicarbonate solution was extracted with CHC13. The combined chloroform layers 

were dried (Na+04) and evaporated under reduced pressure to provide the paraquinone (12e, 

68 mg): mp 185-186T (EtOAc/EhO); 'H nmr (CDC13) 6 2.20-3.10 (m, XH), 3.80 (s, 3H), 3.85 (s, 

3H), 4.50 (m lH), 5.65 (s, lH), l0.W (s, 1H); On addition of D20 the signals at 6 1.50 and 10.00 

disappeared; 13c nmr (CDC13) 6 21.89, 30.31, 31.01, 35.77, 53.32, 56.52, 64.82, 105.78, 118.35, 119.83, 

131.70, 132.10, 160.81, 171.27, 173.07, 177.42, 178.18; ir (KBr) 3445, 3220, 2945, 1743, 1673, 1630, 1580, 

1413, 1237, 1025 an-'; uv-visible spectrum A, (0.05 M, phosphate buffer pH 7.4) 450, 340,285, 235 

nm. There was no shift in values at pH 2.0; ms, CI(CH4) (m/z) 345 (100), 346 (37.6). 347 (62.7), 348 

(12.5). Anal. Calcd for C1,Hl6NZO6 . HzO: C 56.35; H, 4.97. Found: C, 56.33; H, 5.29. The 
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yellow-colored crystals of W are characteristic of the structure of a p-quinone (see reference 11 f o ~  

details). 
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