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A Convenient Synthesis of Bisindolylmaleimides 
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Abrtract: A mild and tkxible me&hod for the prep&on of bisiodolylm&imidcs from the comqonding indoles and iodole 
3-E&midatccstexsis~i. 

The protein lcinase C (PKC) isoenzyme family is believed to play an essential role in many signal 

transduction pathways1 and is implicated in a wide range of physiological processes. Inappropriate 

activation of PKC is thought to occur in a number of pathological states.2 Recently, bisindolylmtdeimides 

(e.g. 1). have been shown to be highly selective inhibitors3 of PKC and show promise as a novel potential 

therapy for autoimmune diseases, such as rheumatoid arthritisP 

During the course of our work on substituted maleimides we required a high yielding, mild approach 

to these systems that would allow the synthesis of a wide range of analogues. Early syntheses of 

bisindolylmaleimides from indolyl Grignanl reagents5 or indolylacetic acid hianion& were neither mild nor 

selective enough for our purposes. Subsequently a mild method for the synthesis of disubstituted maleic 

anhydrides and a process for conversion into the corresponding maleimidesl have been described. The 

modest yields obtalned ln this coupling reaction however were not compatible with larger scale preparative 

work and a new efficient mute to bislndolylmaleimides was sought. 
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Mb have now developed a new coupling reaction which allows direct access to the 

bishrdolyhnaleimide system in good yield At the outset, we envisaged that an indolyl-3-glyoxylyl chloride 

2 when treated with an appropriately substituted indolyl-3-acetimidate 3 and a suitable base should afford 

the ccrresponding acylimidate 4 which, in the presence of excess base, should undergo cyclisation to give 

hydmxyadduct 5. Dehydration and hydrolysis of this hydroxypyrroline would then yield the desired 

bisindolyhnaleimide 6. This was indeed found to be the case and treatment of l-methylindole-3-glyoxylyl 

chloride (2, R=CH3) with imidate 3 (R=CH3) in the presence of excess triethylamine led directly to 

hydroxypyrroline 5 (R=CH3), which upon treatment with p-toluenesulphonic acid underwent dehydration 

and hydrolysis to give the desired imide 6 (R=CH3) in good yield (table). A small amount of acyclic imide 

8 (4%) can usually be isolated, possibly arising from hydrolysis of acylimidate 7 which does not have the 

correct geometry for cyclisation to occur. 
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Ihble. Preparation of Bisindolylmaleimides 
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For acid sensitive groups an alternative method was developed for promoting the dehydration and 

hydrolysis of the intermediate hydroxypyrroline. Thus, treatment of 5 b with 1.05 equivalents of 

trifluomacetic anhydride in pyridine also affotds the desired maleimides in good yield. 

In contrast to the the coupling of indolylglyoxylyl chlorides with indolylacetic acids this coupling will 

tolerate a free indole NH (table) and abrogates the need for protection. This reaction therefore constitutes a 

novel, convenient, mild and flexible synthesis of bisindolyhnaleimides which is compatible with large scale 

preparations. Further work is underway to optimise and explore the scope of this methodology for the 

development of a general synthesis of substituted maleimides. 



(5)-3-[8-(acetoxymethy1)-6,7,8,9-tetrphydropylido[1,2-a]indol-10-yl]-4-(1-metbyl-3- 

indolylbIH-pyrrole-2,5-dione 

Oxalyl chloride (3.95m1, 45mmol) was added to a stirred, ice cooled solution of (S)-8- 

(acetoxymethyl)-6,7.8,9-tetrahydmpyrido[ 1 .2-a]indole3 (log, 41mmol) in diethyl ether (1OOml). After 15 

minutes the suspension was filtered and the solid washed with diethyl ether (2x25ml). The solid was 

dissolved in dichloromethane and treated with 1-methylindole-3-acetimidic acid isopropyl ester 

hydrochloride9 (10.97g. 41mmol). The stirred solution was cooled to O’C and treated dropwise with 

uiethyhunine (23ml, 166mmol). After stining for 4h. at room temperature under nitrogen the solution was 

washed with water (3OOml) and OSM hydrochloric acid (3ooml). The organic extract was dried (Na2SO4). 

filtcrcd and evaporated. The residue in toluene (15Oml) was treated with p-toluenesulphonic acid (7.8g, 

41mmol). The mixture obtained was stirred at room temperatun for 2Sh., washed with water (2OOml), 

mtumted NaHC03 solution (25Oml). brine (25Oml). dried (Na2SO4) and evaporated to give a brown solid. 

Trituration with methanol (lOOmI) gave 12.3g (64%) of (S)-3-[8-(acetoxymethyl)-6,7.8,9- 

tetrahydropyrido[ 1,2-alindol-IO-yl]-4-( I-methyl-3-indolyl)lH-pyrrole-2.5-dione. A sample was 

crystallised from dichloromethane/methanol to give an orange solid of melting point 238-241’C. [aIf,= 

-54.3’ (~0.05% in CHC13 at2O”C); 6(3OOMHx, d6-DMSC, 80°C) 1.3-1.7(2H, bm), 1.7-2.1(2H, bm), 

1.9(3H, s, OAc), 2.5-2.7(1H. bm). 3.65-3.9(3H, bm), 3.85(3H. s. NCH3), 4.2-4.3(1H, m), 6.35(1H, d, 

J=7Hx, indole-H), 6.6(1H, t, J=7Hz, indole-H), 6.95(1H, t, indole-H), 7.0-7.15(2H, m, indole-Hi). 7.3- 

7.45(3H, m, indole-H). 7.93(1H. s, indole-2H), 10.6(1H. bs, NH); m/z 467(M+); calculated for 

C2gH25N304 (467.525) C71.93; H5.39; N:8.99%; found C:71.58; H:5.39; N:8.96%. 
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