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Summary: The trimethylsilyl trifluommethanesulfonate accelerated Diels-Alder reaction between 

1,3-dimethyl-4-(phenylsulfonyl)-4H-foro[3,4-b]indole (3) and 5,6-dihydropyridones 

(10) shows high regioselectivity, yielding carbazole 17 upon hydrolytic workup. 

Carbazole 77b has been successfully converted to the pyridocarbazole alkaloid 

ellipticine (1). 

The pyrido[4,3-blcarbazole alkaloid ellipticine (1) exhibits pronounced anticancer activity in several animal 

and human systems2 and a derivative, 2-methyl-9-hydroxyellipticinium acetate (“elliptinium”, 2). is a clinically 

proven drug for the treatment of metastatic breast cancer, myeloblastic leukemia, and some solid tumors.3 

Because of its great biological activity, ellipticine has been the target of many synthetic endeavors.4 

In 1984. we reported a novel synthesis of ellipticine via a Diels-Alder reaction between 1.3~dimethyl-4- 

(phenylsulfonyl)-4H-furo[3,4-blindole (3) and 3,4-pyridyne (4).5 Unfortunately, this reaction showed little or 

no regioselectivity and thus “isoellipticine” (5) was also a major product. Moody has also shown that pyridyne 4 

undergoes a nonregioselective cycloaddition reaction with 1,4-dimethylpyrano[3,Cb]indole, producing a 1:l 

mixture of 1 and 5 in 40% combined yield.6 
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This lack ofmgioselectivity apparently is due to the high reactivity of 4. MIND0 3 calculations performed 

on 3 reveal in the HOMO a large positive coefficient at C-l and a large negative coefficient at C-3.7 Matching 

these coefficients with those for the LUMO of acrybtesa predicts a strong regiochemical bias in the Diels-Alder 

reaction. This prediction has in fact been substantiated. Thus, in unpublished work, we have found that the 

aluminum chloride promoted reaction between 3 and ethyl acrylate yields only 6, with no trace of the 

regioisomeric produn 
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We therefore reasoned that a dienophile such as 56dihydropyridone 10 would exhibit better mgiocontrol 

in the Diels-Alder reaction and would serve as a synthetic equivalent for 3,4-pyridyne (4). 10a was readily 

prepared in three steps from commercially available Gvalerolactam (7). Thus, 7 was treated sequentially with 

sodium hydride and benxyl bromide iu dimethylf ormamide (DMF) to yield the known9 lactam 8a (85%). Using 

the methodology of Zoreti~,~u we lithiated 8a with lithium diisopropylamide (LDA) and quenched with 

phenylselenenyl chloride to yield 9a in 53% yield after chromatography. Oxidative elimination of the 

phenylselenide was accomplished in 61% yield by treatment of 9a with m-chlomperoxybenxoic acid (MCPBA) to 

give 10a.l l 
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(a, R = PhCH2: b, R = pCH30PhCH2 (PMB)) 

With the diene and dienophile in hand, the stage was set for the Diels-Alder reaction. Initial attempts to 

accomplish this cycloaddition gave no reaction at room temperature and decomposition of 10a at elevated 

temperatures. The use of Lewis acid promoters such as AlC13, BF3-Et20, TiC4. SnC4, EtAlCl2. Et2AlCL and 

ZnC12 also resulted in the decomposition of 1Oa. Ultimately, the Diels-Alder reaction was accomplished using 

trimethylsilyl trifluoromethanesulfonate (TMSOTf) activation, as recently described by Jung,12 to give after basic 

workup, lla as the sole product in 76% yield. 13 Unfortunately, conversion of lla to ellipticine has not yet 

been accomplished as removal of the benxyl group has proved to be more difticult than we had anticipated. 
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To circumvent this dif’tlculty, we turned our attention to a different nitrogen protecting group. Thus, l-@- 

methoxybenzyl)-5.6~dihydmpyridone (lob) was prepared from 8-valerolactam analogously to 1Oa by treatment 

with NaH and p-mthoxybenzyl tosylate (PMBGTs, prepared in situ from p-methoxybenzyl alcohol, NaH, and p- 

toluenesulfonyl chloride in ether at -78oC) to give 8b in 68%. Lithiation with LDA, addition of phenylselenenyl 

chloride (94%) and oxidative elimination (MCPBA, 78%) gave the desired lactam lob.11 

The TMSOTf accelerated Diels-Alder reaction between dienophile lob and 3 was successful, giving llb 

regioselectively in a more modest 40% yield. l3 The low yield is presumably due to the decomposition of the 

lactam as a result of deprotection during the reaction. Nevertheless, llb was converted to ellipticine (1) in two 

steps by first reducing the carbonyl with lithium aluminum hydride and then effecting aromatization and 

concomitant dehenzylation (10% Pd/C, decalin, teflux, 24 hours) to give ellipticine (20% yield, two steps). 

Comparison of this product with authentic samples of ellipticine and isoellipticine (5) by TLC and W showed 

unequivocally that the product was ~99% elhpticine, as none of the isomeric isoellipticine (5) could be detected 

by TLC under conditions that would have revealed as little as 1% contamination by 5. Thus, although the yield of 

ellipticine mmains to be improved, we have demonspated that a Diels-Alder q&addition strategy is feasible for 

the synthesis of this ring system. 
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