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Staurosporine (l), isolated by Omura and co-workers from 
Streptomyces staurosporeus, is one of the most potent known 
inhibitors of protein kinase C.' It also inhibits other protein 
kinases in nanomolar concentrations by binding to their conserved 
catalytic regions.* Our interest in staurosporine arose from two 
considerations. First, its unusual structure invites interesting 
solutions for its total s y n t h e ~ i s . ~ , ~  Furthermore, synthetic mastery 
of the system could provide specific inhibitors of protein 
phosphorylation. Such specificity is important for the application 
of protein kinase inhibitors as useful drugs for intervention at  the 
level of signal transduction. 

The chief structural challenge posed by staurosporine (1) is 
the construction of the two N-glycosidic linkages which anchor 
the aminosugar to the indolocarbazole matrix. Another synthetic 
consideration involves correlating the regiochemical dissymmetry 
between the remote carbohydrate and unsaturated lactam sectors. 
The strategy we envisioned contemplated twofold glycosidative 
coupling between indolocarbazole 2 and bis enol ether 3 en route 
to 1 (Scheme I). In its pristine sense, such an approach raises 
obvious questions of regiochemical control not to speak of gross 
feasibility. Herein we describe the realization of the overall logic 
of this scheme by a more methodical approach. 

The components presented for the first encounter of the 
aglycone and carbohydrate sectors were the bis(indoly1) system 
4 and the glycal 9. Compound 4 was synthesized according to 
protocols developed in our recent total synthesis of rebe~camycin.~ 
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(a) N a H ,  CH2C12,O OC, then Cl$CN, 0 O C  - rt. (b) BF3.OEt2, 
-78 O C ,  78%. (c) Cat.  TsOH, H 2 0 ,  pyr, 80 O C ,  80%. (d) N a H ,  CH2C12, 
0 O C  - rt,  then DMF, BnBr, 0 O C  - rt,  94%. (e) TBAF, THF, 0 OC - rt, 96%. (f) N a H ,  DMF, 0 OC - rt, then PMBCI, 0 O C  - rt, 97%. 
(g) Dimethyldioxirane, CH2C12,O OC, mixture of isomers, quantitative. 

An interesting and concise route to 9 began with readily available 
glucal 5.6 Thus, treatment of 5 with sodium hydride and 
trichloroacetonitrile generated an intermediate which, upon 
treatment with BF,-OEt,, gave rise to oxazoline 7. We suspect 
the intermediate to be the 3,4-bis(acetimidate) 6, which reacts 
by what can be viewed as a vinylogous intramolecular Schmidt 
glyc~sidation.~ Conversion of 7 to9 proceeded as shown in Scheme 
11. 

Treatment of endo glycal 9 with 2,2-dimethyldioxirane gen- 
erated the corresponding 1,2-anhydro sugars as a mixture of 
diastereomers.* This material, enriched in 8-epoxide 10, was 
treated with the sodium anion of 4 (Scheme 111) to afford a 48% 
yield of 11 (as well as approximately 8% of the product arising 
from glycosidation of the a-epoxide).S Deoxygenation of 11 
produced the 2-deoxy-~-indolocarbazolyl glycoside 12.9 It was 
at  this stage that the 2,2'-bis(indoly1) bond was fashioned by 
photocy~lization.~~~~~~~~ Unveiling the exo glycal equivalent of 2 
was accomplished by oxidative cleavage of the p-methoxybenzyl 
group of 13, conversion to iodide 15, and treatment with DBU 
which, after indolocarbazole deprotection, yielded 16. 

'H NMR analysis indicated that the bulky indolocarbazole 
moiety of 16 adopts an equatorial orientation which is not 
conducive to the required 7-ex0 cyclization. Indeed, a variety of 
attempts to accomplish an electrophilically triggered cyclization 
failed and served to identify the vulnerability of the glycosidic 
bond. However, success was eventually achieved by sequential 
treatment of 16 with potassium tert-butoxideat room temperature 
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(a) N a H ,  T H F ,  0 OC, then 10, 0 "C - reflux, 48%. (b) Thiophosgene, DMAP, pyr, CH2C12, reflux, then pentafluorophenol, reflux, 95%. (c) 

n-Bu$hH, AIBN, PhH, reflux, 80%. (d) TBAF, T H F ,  powdered 4-A molecular sieves, reflux, 92%. (e) hv, cat. 12, air, PhH, rt, 65%. (f) N a H ,  T H F ,  
0 "C - rt, then SEMCI, rt, 97%. (g) DDQ, CH2CI2, H20,  rt, 87%. (h) 12, P(Ph)3, imidazole, CH2C12, 0 "C - rt, 87%. (i) DBU, T H F ,  0 "C - 
rt, 92%. (j) TBAF, T H F ,  powdered 4 - A  molecular sieves, reflux, 82%. (k) t-BuOK, T H F ,  MeOH, rt, then 12, -78 "C  - 0 "C, 30%. 

followed by iodine in THF-methanol a t  -78 "C - 0 OC.ll 
Cyclized compound 17 (mp 228-229 "C), whose structure was 

30% yield. The crystallographic data also revealed that the 
carbohydrate sector of 17 adopts a twist boat conformation in 
contrast to the chairlike disposition of staurosporine itself.'* 
Deiodination of 17 occurred smoothly to give rise to 18 (Scheme 
IV).'3 We note that compound 18 contains, in principle, all of 
the functionality present in staurosporine. 

We are now in the process of addressing the delicate matter 
of interfacing the regiochemical dissymmetries of the unsaturated 
lactam and carbohydrate sectors. Our continuing goals are the 

Scheme IVu 

corroborated by single crystal X-ray analysis, was obtained in ?n 
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a c l 8  R-Me 
total synthesis of staurosporine as well as the delineation of the 17 R=CHzI 
relationship between protein kinase inhibition and contour of the 
carbohydrate sector of the molecule. A broader investigation of 
the chemistry of exo glycals is also in progress. 

17 
(I (a) n-Bu,SnH, AIBN, PhH, reflux, 99%. 
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