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Abstract: Indolocarbaxole 4 and arcyriaflavin A 19 reacted under basic conditions with 1-benzyl-2,6-bis 
(benxotriazolyl)-piperidine to give 5 and 20. As an extension of this methodology other related bis benxotriaxole 
derivatives were synthesized and coupled with 19 to obtain a variety of axa derivatives 3. Ndebenzylation of 
these compounds gave novel PKC inhibitors. 

The vital and complex role played by the protein kinase C (PKC) isozymes in cellular processes continues to 

focus interest on inhibitors of these kinases, and their potential therapeutic applications1 The diverse family of 

indolocarbazole natural products2 has provided staurosporine 1 and K-252.a 2 as potent inhibitors of PKC, our 

own studies related to these compounds have resulted in a convenient route to highly potent analogs of 2,s and 

uncovered an unusual skeletal rearrangement in the carbohydrate portion.4 In this paper, we describe the synthe- 

sis and properties of hitherto unknown aza analogs 3 of the natural products. 

1 
Ara Derivatives 

3 

Our earlier studies 3 encouraged us to use the more reactive parent indolocarbazoles 4 as the substrate for N- 

functionalization (Scheme l), but initial attempts to effect Mannich condensation6 between 4, PhCH2NH2. and 

glutaraldehyde to give 5 led only to complex mixtures. 5 remained a target however, since we could implement 

our recent protocol for imide ring introduction to prepare 6. As an alternative we sought milder, preferably nu- 

cleophilic conditions to accomplish the. desiIwi transformation. 

adlame 1 
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Katritzky’s 2.6 bis-(benzotriazolyl) piperidine 127.8 attracted our attention as a potential aza glycosidating 

agent. Accordingly, treatment of an aqueous mixture of glutaraldehyde 7 and 2 equivalents of benzotriazole with 

benzyl amine furnished 12. Efficient coupling ensued when preformed dianion of indolocarbazole 4 (4; NaH; 

THF) was treated with one equivalent of 12, to provide 5 (70 % yield).]3 

Encouraged by this result, a variety of other bis-benzotriazolyl derivatives 13,14,15, 16,17, and 18 were 

synthesized starting from readily accessible corresponding dialdehydes,g including a highly substituted sugar de- 

rived dialdehyde ll.loThe benzotriazole chemistry is quite general and yields are good to modest as shown in 

Scheme 2.11 
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With an efficient protocol for construction of bottom portion of the molecule in hand, we turned our attention 

to putting in place the cyclic imide which is a requirement for biological activity. We found, however, that al- 

though 5 could be dibrominated, attempted CuCN displacement 3 led to decomposition. Since the crucial C-N 

bond forming processes which led to 5 involved the nitrogen anion of 4, we examined the possibility of using the 

trianion derived from arcyriaflavin A 19 which is readily prepared by the Bergman method.‘* The tri anion (NaH 

/ DMSO) was treated with bis(benzotriazoly1) derivative 12 (two equivalents) to obtain the desired coupled prod- 

uct 20; however, in lower yield (55%) vs. the dianion of 4. 

Other bis-(benzotriazolyl) derivatives 13, 14, 15, 16, 17, and 18 also underwent coupling with the trianion 

of 19 to provide products 21,23,24,26, 28, and 30 respectively. 13 The yields were modest ranging from 55 

to 20%, decreasing with increasing substitution on the bottom ring, as shown in Scheme 3. However, the easy 

availability of the starting materials, and the simplicity of the method renders this route to be a reasonable and 

practical one. The N-benzyl products required debenzylation for bioactivity. Debenzylation was carried out over 

Pearlman’s catalyst under atmospheric hydrogen. 
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In Vitro Biological Evaluation: 

These compounds were evaluated for their inhibition of l-oleoyl-2acetylglycerol activated PKC (a mixture of 

isozymes). l4 The results are summari zed in Table 1. None of them were as active as staurosporine 1 (IC!so = 8 

n&I), however, some were comparable or superior to K252a 2 (IC5u = 60 nM). Significant selectivity was not 

observed when assayed against pure PKC isozymes and other serine-threonine kinases.15 Further work is 

ongoing in an effort to achieve selectivity against these kinases and will be reported in due course. 

Table 1 
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