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Abbractz The synthesis sod b vibu protein kinase C (PKC) inhibition ofa series of staurosporine derivatives is descrii. Essential 
foractivityisafneNHofIhcLadampwtionofthemolecule.Alargevarictyofarbslitucntsistolcra~atthcsecondaryamine, 
altlwugh in mcst cases these modifications I& to a dccrrasc in activity. Acylation of the methylamino group kads generally to the 
most selcaive derivatives with respect to other sezin&hre&ne and tyrc&e kinws. 

The multifbwtional seri&threonlwspecSc protein kinase C (PKC), the major rwqtor for a number of tumor pmmoting 

agents utilizes diacylglyceml @AG) &or other lipids in combination with calcium to modulate various cellular functi~ns~-~. 

Recent mokadar cloning reveakd that PKC consists of a family of rekted but distinct enzyme~~-~). The PKC mbtypea can be 

clasSed into 3 groups comprising the conventional cakiumdependent PKC s&types (cPKCs: a-, PI-. PII- and y-PKC), the non- 

conventional calcium-indepe&nt PKC isofonns (nPKCs: 6, a-, q- and O-PKC) and the atypical calcium-independent and DAG or 

phorbol ester unresponsive PKC subtypes (aPKCs: <- and 1-PKC). The finding that tumor promoting phorbol esters such as 12Q 

t&adecanoylphotbol-13-acetate (TPA) were able to replace the endogenous activator DAG in the stimulation of PKC has pmvided 

insights into the mk of this enzyme family in the regulation of a variety of cellular pmcesses such as exocytosis, gene expression, 

pmlifemtion, differentiation and tumor promotion 1-9). The variw PKC subtypes show distinct enzymological properties, 

differentkl tissue expmssion with specifii bul~4lular localization and different modes of cellular regulation1-9). These features 

combined with the finding that more than one subtype of PKC is usually expressed in a single cell type have led to the impression 

that each member of the PKC family plays discmte roles in the processing of various physiological and pathological msponses to ex- 

tracellular stimuli. 

The sxnarios of multistep carcinogen&s suggest close cooperativity between oncoproteins and PKC in regulating cclluhr 

gmwih and neopkstic transformation. Various oncogenes increase DAG levels and activation of PKC by TPA or overexpression of a 

specitic PKC isoform erhnces the transforming potenrial of various oncogeoes lm9). These findings, indicate that deregulated PKC 

activity contributes to the uncontmlkd pmliferation of tumor cells making PKC an attractive target for the development of antitumor 

agents. 

Staumsporine (1). an alkaloid first isolated by Omura et a/. lo) and found almost a decade later to be a very potent inhibitor of 

PKCbyTamaokieloL1’)wasthclead strwure for the present study. However, staurosporine is completely unselective with respect 

to inhiiition of c&r protein kinascs including tyroshe-specific protein kinases 11) (see also table I). In the last decade a large 

number of alkaloids have been isolated and sported to contain an identical or closely related indokarbazole moiety as 

staurosporine or to differ in the ‘glywsidic’ part of the molecule. These include K-252ad12-14), UCNJ3115~1a), and its methyl 

e&er*‘l), TAN-999 and TAN-Io~oA~*), RK-2&5C19*20), 7-oxo-staumsporine RK-140921p22) and RK-14~39B~~). In order to 
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improve the selectivity of this very potent and interesting class of componnds we have synthesized derivatives of stauroeporine. and 

tested them on a a variety of of serinc&reonine- or tyrosine-specitIc protein kineses. 

Chemisty: The staurosporine derivatives shown in tables I and II have been syn- by smndard alkylation and acyIation 

reactions starting from staurospotine, and most of them were purified by chromatography on silica ge1. Accordingly, alkyd 

derivatives 2-5 and 7 were obtained by reaction of staumsporine with the corresponding alkyl iodides and bromides in N.N- 

dimcthylformamide @MF) in the presence of N,Ndiisopropylethylaminc. N-Phenyl-staurosporine (6) was pmpared by reaction of 1 

with a 1 N phenyl~~um chloride solution in dioxane for one hour, and the acetic acid derivative 8 was obtained by hydrolysis 

of ester 7 with sodium hydroxide in methanol. Reaction of staurosporinc with neat acrylonitrile at 140°C (sealed tube) for 44 h gave 

the 2+yanoe&yl derivative 9, and reaction of 1 with 1,2-cpoxyhcxane at 110°C in ethano1 (sealed tube) for 24 h yielded the 2- 

hydroxy-I-hexyl derivative 10. Most of the acylation reactions at the secondary amine of staurosporine werr performed with the 

corresponding acid chlorides in chloroform in the presence of one equivalent of N.Ndiisopropylethylamine (12, 14, 20-30, table I). 

Acetic anhydride, trifluoroacetic anhydride, succinic anhydride, and di-re&butyl dic&bonate were used to prepare 11, 15, 18, and 

19, mspectively. The thiourea 13 was obtained by reaction of 1 with methyl i~i~Mte, and 16 was obtained by coupling 1 with 

the BOC-glycine using LXX and HOBT. Cleavage of the BOC group in 16 with HCVethyl acetate gave glycyl derivative 17, and the 

carboxylic acid 31 was generated by hydrolysis of ester 30 with sodium by&oxide in methanol. Alkylation of the lactam nitrogen of 

N-benzoyl-staurosporine (20) with sodium hydride and benzyl bromide or methyl bromoacetate gave 32 and 33, respectively (table 

11). The synthesis of the oxygenated products shown in table III was achieved by oxidation of the 7-position in N-BOGstaurosporine 

(19) or N~~oyl-s~~os~~~ (20) with chromium-horde pyridine complex 24) in dichlorome~ to give 34 and 40, 

mspcctively. &protection of 34 using tritluoroacctic acid in dichloromethane gave 7-0x0-staurosporine (35) which was then reduced 

with sodium borohydride in dichIoromethanelisopropano1 to give a mixture of all four possible isomeric hydroxy compoumls 36-39. 

These could he separated by preparative HPLC on a Lichrosorb Si& column (16x250 mm) using a mixture of 

dichloromethane/isopropanol saturated with water as cluent. By comparison of the lH-NMR data and the optical rotations of 36 and 

37 with those reported by Takahashi et al. 16) 11 was concluded that 36 corresponds to UCN-OI and 37 to UCN-02, mspectively. All 

the compounds shown in tables i to III were charactcnzed by their lH-NMR, FAB-MS and IR spectra. 

Results and Discussion: As already mentioned, staurosporine is an unselective protem kinsse inhibitor with the exception of 

the protein tyrosine kinase activity of the EGF receptor (EGF-R) which is somewhat less sensitive. The same is true for all the alkyl 

derivatives listed in table I (entries 1 to 10). It is also evident from the data that the alkylation of the secondary amine is 

accompanied with a loss of inhibitory activity towards PKC and with only a marginally improved selectivity. The only exception is 

the qnatemary ammonium salt 4 which is about equipotent to 1 and shows a moderate selectivity with respect to cAMPdependent 

protein kinase (PKA). 

Table I (entries 11 to 31) summariizs our results obtained with acyl substituents at the secondary amine. Again a drop in 

PKC activity can be observed but in some examples the concomitant loss of activity on the other kinases is much more pronounced, 

which results in an overall increase in selectivity. One such compound is N-~n~l-~u~~ne (20) which shows good selectivity 

for PKC as compared to all kinases tested except for phosphorylasc kinase (PPK), an observation made with all the staurospotinc 

derivatives presented in this study. PPK seems to have very similar structural requirements as PKC for this class of compounds. In 

order to further improve the potency and/or selectivity of 20. derivatives 21-31 were synthesized. No additional improvement could 

be achieved, except for the dinitro derivative 2tI which is completely inactive on PKA and the EGF-R but at the same time is 20 

times less potent on PKC than staurosporine. 
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PKl- PKA PPK !ULK PTK emamv 
____ ____ ____ -_ __ _ ___ __._ 

1 H (Staurospori@ 0.006 0.015 0.003 0.005 0.1 0.35 
2 Et 0.10 1.6 0.07 0.33 0.24 
3 Mc,m 0.032 0.068 0.021 0.05 0.019 
4 EShJe 0.014 0.27 0.018 0.043 
5 &WI 0.70 0.48 0.10 0.91 
6 Phenyl 0.63 0.055 0.01s 
1 ~xynaahyl 0.26 3.2 0.44 1.3 
8 _xymcthYl 0.046 0.14 0.015 0.03 1 
9 2cyaoocthYl 0.19 1.4 0.024 1.1 

10 2-Hydroxy-l-hexyl 0.14 0.36 0.05 1.3 
11 Aozlyl 0.075 1.5 0.01 2.6 
12 MethoXycalbonyl 0.18 0.48 0.04 2.4 
13 N-Methyl-thioca~l 0.041 1.6 0.01 0.9 12.5 
14 Melhylsldfonyl 0.08 1 1.0 0.019 1.1 
15 Trifluoracetyl 0.13 17.0 0.01 0.1 6.4 
16 B@AWYl 0.064 2.25 0.12 0.2 3.5 0.16 
17 W.@ 0.014 0.36 0.05 1 0.22 
18 SWXinOyl 0.04 0.7 0.062 0.16 0.2 
19 BOC 0.35 28 0.42 1.0 13.5 
20 knzayl 0.050 2.4 0.048 5 1.9 0.8 
21 Qclohexanoyl 0.56 I .57 0.08 
22 Nicotinoyl 0.03 I 0.38 0.012 8.18 
23 2-Pyrazinoyl 0.036 0.75 0.020 8.18 
24 2chlofokenq~ 0.23 1.5 0.078 4.7 
25 3-Chlorobenzoyl 0.57 6.8 1.9 4.6 
26 4-Chlorobeozoyl 0.35 2.6 0.32 7.0 
27 3-Nitrobenzql 0.063 2.5 0.06 0.1 4.8 
28 3,5-Dinitrobenzql 0.125 > 100 0.37 0.2 >70 
29 4-Methoxyknzql 0.27 1.5 0.13 3.6 
30 Methyl 4-terephthaloyl 0.315 3.67 0.053 7.4 
31 4-Texphthaloyl 0.062 10.0 0.03 0.1 0.11 

Inordertoexplonthci~ueMxofasubstituentonthelaaamnitrogmofU),thetwoderivatives32and33sbownintable~ 

were synthesized. Surprisingly kse two compounds were axnpk$ely devoid of any inhibitory &ivily lowards all the protein 

kinases. This suggests that the l&am potion of staomsporine could be involved in a hydmgen bond which is essential for big 

and/or that there is oo space to accommodate a substituent in this position. 

7-Hydroxy-sta~u~sporinc (36) (UCN.ol)‘5) and N-benmyl-staurusporin (20) (CGP41251)25) have been repoti to be 

remarkably selective PKC inhibitors. Uoexpea6dly. the combination of the Iwo Nuctural modifications which by lkmseks lead lo 

an increase in selectivity, did not give rise to more selecti~ compounds (table I). On (he contrary 40 and also 41 were hoth kss 
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sel& than UCN-OI or CGP41251.7+o-staums@nc (3s) behaved similar to siaumsporine in the pm&in kinasc assays. On 

the other hand the four isotneric hydmxy+taurqorin 36-39 gave confusing results: they wuc abwt equipotcnt on PKA but 

varied quite strongly in their PKC inhibitory activity. Themfore 36 and 38 were slectiw for PKC with rrsped to PKA while 37 

shmvai high selectivity for phosphorylase kinase. 

Table II; Inhibition of protein kinasx by 6-substituted N-knzryl-staurospoti (20). IC% [m: 

Camp. PKC PKA PPK S6-K PTK 

32 >lOO >lOO -100 > 100 > 100 
33 CH7COOCH1 > 100 > 100 -100 >lOO >I00 

Table III; Inhibition of protein kinascs by oxo- and hydmxyderivatives of staumsporine (1). lC5,~ [M: 

Coma R” X Y PKC PKA PPK EGF-R C-WC 

34 BOC 0 0 1.5 a100 5.25 

35 H 0 0.009 0.026 
36’) H 0 ;OH 0.013 1.15 

0.005 0.2 0.8 
0.004 0.017 0.6 

372) H 0 WH 0.255 1.85 0.006 
383) H H,OH 0 0.0% 2.25 0.022 0.26 1.8 
394) H 0H.H 0 0.235 3.3 0.17 
40 Etctuql 0 0 0.095 0.75 0.27 
41 Benzoyl 0 H,OH 0.030 0.3 0.035 

I)[o~D-+1400(c-0.1.Md)H) 3)~ojD-+~~o(~-0.1.Md)H) 
2) [aID - _ MO (c - 0.1. M&H) 4)[d]D--7~~(C-0.1.M~OH) 
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Kinetk‘4nal*Tllccxactmodcofactioaofrtaumsporineiamtwmp~ly -11-26-2*). we thefore &ckl to study 

oneofaurmostsc~sta~ne~~inmmddeil.Asillaantrdinfigurel.~~l~(l6)ot 

amcatrations of up to 300 phi did not inhibit the bimling of [3Hj-pbohol dhdymtc, ht it wss an appment ampchtivc inhibitor 

withrespcatothp~hateQaorATPO(i=4SnM,figurr2).Thisc~BhoWEthat16in~WitbtbtcatalVticQmPinOf 

PKCanditisinlinewiththefindingthat16inhibited~ppbosphorylationofpmtamin~byPKC.anacogcnoorsubstrate 

which is phcepboryhted in tbe abscmx of lipid a~ivators (data mt EJUBWI). 

JQwe I: Effect of E%OC-glycylaaurosporiot (16) on 3N-PDRu binding to @cd PKC 

F&we 2: Inhibition of PKC activity by BOC-glycyl_stauroeporinc (16) 
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In summary, it is possible lo obtain a remarkable degree of sele~ivity for inhibition of PKC by staurosporine derivatives although in 

most cases the increase in selectivity is paralleled by a more or less pronoun& decrease in potency. While a wide range of 

substituents at the secondary amine and oxygenation at the ‘I-position are tolerated, the attachment of a substituent at the lactam 

nitrogen atom abolishes completely the protein kinase inhibitory activity. Selective inhibitors of PKC like the staurosponne 

derivatives presented in this study, may contribute to better understand the role(s) of PKC in signal transduction and may eventually 

lead to the development of therapeutically useful compounds. 

Methods and Abbreviations: The enzyme assays for protein k&se C (PKC), CAMPdependent protein kinase (PKA), 

phosphorylase kinase (PPK), S6 kinase (S6-K), and the protein tyrosine kinase of the epidermaI @owlh factor receptor (FTK) were 

performed as described by Meyer et ai. 25) and C-sfc ~a.5 assayed a~ described by Geissler et a1.29). 
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