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Absfmct: The condensation of iadolti2,3-a]-carbazole (12) with 2.5dimethoxytetrahydrofurun derivatives gave 
cyclofuranosylated compounds (e.g. 13). which were converted via dibromocompmds to the dinitriles (e.g. 25). 
Hydrolysis, hydrolysis-reduction and thiolysis afforded imides, lactams (e.g. 27) and their thio analogs. These 
compounds were potent inhibitors of the protein kinase C family. 

Introduction 

Protein lcmase G (PKC!) consists of a family of highly homolo~us isozymes which phospho~late 
s~n~~~n~e residues on target proteins, processes which are vital for controlling celluhtr activation, 
differentation and proliferation.3 PKC has attracted attention as a potential target for novel antitumo$ and 
antiinflammatory5 agents. The PKC isozymes are composed of a regulatory domain which interacts with the 
lipid cofactors responsible for activation, and a kinase domain which binds the substrates and catalyses 
phosphate transfer from ATP to the target protein.3 

Most inhibitors which interact with the catalytic domain are AT&competitive compounds, including 

isoquinoline sulfonamides6 and erbstatin analogs. ‘7 Our own recent efforts have centered on the 
indolocarbazoles, which have been associated with the inhibition of inflammatiod and tumor growths and 
invasion.9 Staurosporinet6 (1) and K-252aIt (2) am the most well known members of this family. The 
aglycones K-252~ (3) and ~~~aflavin A (4) also occur natu~lly, as does a~~a~bin A @),I2 a 
~~dolyl~~~~. The potential for selective kinase inhi~tion by the latter class has only been real&d 
recently in an elegant series of chemical and biochemical investigations.13 A variety of new fermentation 
products related to 1 and 2 have also been reported in the last few years.14 
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In this paper, we describe efficient synthetic routes to a series of compounds of general structure 6, and 

report some of their kinase-inhibiting characteristics. 
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Synthetic studies 
Several groups have synthexised the aglycones 315 and 4 16, but the only open literature example of a 

cyclocondensation with a simple carbohydrate was provided by Weinrebl7, who obtained 7 from the acid- 

catalysed reaction of 8 with 2,5-dimethoxytetrahydrofuran 9. A similar reaction of 4 with 9 to give 10, a 

process accompanied by some glycosidation of the imide nitrogen, was reported in a recent patent.18 
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To avoid complications arising from the imide, and to delineate the effects of electron-withdrawing 

substituents on the key step, we compared “cycloglycosidations” of the diester (11)19 and the parent heterocycle 

(12).*u Under optimized conditions (sulfonic acid catalysts were superior to a variety of Lewis acids) the more 

nucleophilic 12 clearly was a better substrate than 11, as shown in Scheme 1. The least substituted case which 

formed 13 was complete in 8-12 h. and afforded high yields, whereas the most substituted case which formed 15 

took several days and gave poor yields with extensive decomposition. 

Me0 

Camphorsutlonic acid, 
CH2Cl2, RT, 12-72 h. 

11 R=C&Bn 
12 R=H 13 R=R’ = H (7C85%) 

14 R = C&Bn, R’ = H (40-5X%) 

15 R = COzBn, R’ = CO$e (20-25%) 

Scheme 1 

In fact, cycloglycosidations on 12 were not unduly sensitive to substitution on the “carbohydrate” 

portion: reaction with 1.5 eq. of the dimethoxytetrahydrofuran (la)*1 (CH2C12, camphorsulfonic acid, RT, 24 

h.) afforded 70-80% (based on 12) of a readily separable, 1:l mixture of the (racemic)** u-isomer (17, mp 152 

OC) and the p-isomer (18, mp 161 OC). The ester (19) similarly afforded a mixture of 20 and 21. These 

condensations also proceeded in high yields using excess B(OH)3 in refluxing toluene. The epimers were easily 

distinguished by tH NMR, since the aromatic heterocycle strongly shielded protons on substituents located on 

the same side of the ten-ahydrofuran ring, i.e. in the p-epimers (18) and (21).23 The tetrahydtofuran (22) could 
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be efficiently converted to the anomeric C-methyl compound (23), a potential iincrmediate to synthetic K-252a. 
Under standard conditions only 1520% of 23 was obtained, but using slow addition of 22 to refluxing 1,2- 
C2IQC12 containing 12 and camphorsulfonic acid, the yield improved to 60%. These conditions minimised 
self-condensation of 22 (presumably via glycal intermediates) and promoted the initial, intermolecular reaction 
between 12 and the oxocarbonium ion derived from 22. 

16 R = H, R’ = CH~f’hpBu-t 
19 R=H,R’=C02Et 

22 R = Me, R’ = CO2Et 

17 R’ 3: CH&Bi!Jh~Bu-t, R2 = H 23 

16 R’ = H, R2 = CH#Ph$u-t 

26 R’=C02Et,R2=H 

21 R1=H,R2=CO$t 

With the above results in hand, we sought a method to introduce the crucial24 imide/Iactam ring. 

Treatment of 13 with 2.05 eq. of N-bromosuccinimide or PhNMe3+Br3- in DMF afforded the 
dibromocompound (24), contaminated with lo-154 of mono- and polybromo compounds. After considerable 
experimentation,25 we were able to define conditions for conversion to the dicyanocompound (25), which was 
isolated in 72% yield after reacting 24 with CUCN~~ (4 eq.) and NaI (2 eq.) in MeCONMe2 at 160-1800.27 
From 25, controlled hydrolysis and thiolysis reactions led to imides and to novel thio analogs. Hydrolysis of 25 
(KOH-H20-DMSO, 100 OC) produced the iminoimide (26), which was stable above pH -5 but hydrolysed in 
acid (TFA-H20-DMSO, RT) to give the imide (10) in 90% yield from 25. The lactam (27) was obtained 
efficiently by reducing either 26 (NaRH$N, HOAc, 60 OC) or 10 (BH3, THF, reflux). Thiolysis of the din&rile 
(NaSH, DMSO, 100 oC) gave 25% of the purple dithioimide (28), and similar treatment of 26 produced 15% of 

the red monothioimide (29). Reduction of 10 with LiAlI-kt (TI-IF, RT) gave the hydroxylactam 30. 
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26 X=O,Y=NH 
10 X=Y=O 
27 X=O,Y=H2 
26 X=Y=S 
29 X=O,Y=S 
30 X=O,Y=H,OH 

In addition to facilitating the coupling step, delaying the introduction of the imide and related systems 
permitted manipulation of the stereochemistry and functionality on the carbohydrate portion. Thus, >95% 
stereocontrol for either the a or p series was achieved as follows: hydrolysis of the ester mixture (20)/(21) in 

DMSO-H20-KOH was accompanied by equilibration, and provided the a-acid (31). Reduction (LiAlI-I4) gave 

the alcohol (32), which was converted (MsCl-NEt3; NaI) to the iodocompound (33). Reaction with DBU 
(DMSO, 50 oC) produced2g the exocyclic olefin (34), which underwent highly stereoselective hydroboration- 
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oxidation (BH3, THE$ NaOH-H20-H&j to a&d the p-alcohol (35). Disubstituted compounds could also be 

readily prepared: C-hydroxylation of the ester enolate from (20)/(21) (LDA, THP, -70 OC) with camphor- 
s~fonylox~~e~ gave the hydroxyester (36) as a single isomer in 77% yield. 

35 R1=H.R2=CH$ti 

36 R’ = OH, R2 = CQEt 

Application of the ~b~mina~on - cyanation ” hydrolysis sequence described above for the conversion 
of 13 to 10 to these and related intermediates introduced the imide ring in -60% overall yield, affording a 
variety of analogs of K-252. Results of preliminary in vitro evaluation of selected compounds vs protein 
kinases are presented in the next section; cellular and in vivo studies will be reported elsewhere. 

In Vitro Biological Evaluation 

These compounds were tested for their ability to inhibit partially purified rat brain PKC, a mixture of 
isozymes, under the conditions described for the evaluation of erbstatin analogs.7 The results are shown in 
Table 1, grouped into modifications to the “northern” and “southern” rings of the polycyclic system.” 

Table 1: In vitro PKC I~ibition 

# X Y z Rl R2 PKC (nM) 

10 0 0 NH 
26 0 NH NH 
27 0 Hz NH 
26 S S NH 
29 : S NH 
30 H,OH NH 
37 0 

: 
NMe 

36 0 NHNH 

39 
40 
41 
42 
43 
44 
45 

0 

: 
:: 
0 

0 
0 :: 
0 0 
0 0 

NH H 
NH CH20H 
NH CO2H 
NH =CH2 
NH CONHMe 
NH CH2NMe2 
NH C02H 

CH$X 
H 
H 

19 
13 
16 
42 
56 
50 
>5000 
Y5000 

1.7 
2.4 
20 
5.0 
0.5 
4.0 
6.0 

One general observation is that the high potency characteristic of the natural products (s~~s~~ne (1): 
IC% = 8 nM) is achieved by structurally simpler systems. In fact, all of the active compounds in the table are 
more potent than K-252a (2: IQ-0 = 60 nM). With regard to SAR in the “northern” section, the imides. lactams 
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and iminoimides were comparably potent. The thio analogs and the hydroxylactam were somewhat less active. 
In marked contrast, N-alkylation (entry 37) or ring expansion to the cyclic hydrazide (38) resulted in complete 
loss of activity. 

The “southern” ring proved to be quite tolerant of substitution. Entries 39 - 45, selected from an 
extensive series, show that potent compounds may be neutral or may bear acidic (entries 41 and 45) or basic 
(entry 44) substituents. This tolerance has potential for tailoring characteristics such as cellular penetration, 
absorption and tissue distribution which are important in secondary assays and for in vivo activity. 

In general, we did not find high specificity in this series for individual PKC isozymes or for PKC vs 
other serine/threonine protein kinases. The P-(hydroxymethyl) compound (39) inhibited CAMP-dependent 

protein kinase (IQ0 = 18.5 nM). Kinetic analyses indicated that 39 inhibits myosin light chain kinase in an 
ATP-competitive manner. (Ki = 0.7 nM). In contrast, 39 was a much less potent inhibitor of the neu (erb-B2) 
oncogene tyrosine kinase (ICa = 250 nM), and did not inhibit the epidermal growth factor receptor kinase. 

Conclusions 

We have developed the first efficient syntheses of cyclofuranosylated indolocarbazole imides, lactams 
and thio analogs. These compounds are highly potent inhibitors of the PKC family. We will report cellular and 
in vivo studies of selected compounds in later papers. 
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