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Abstract: The highly functionalized aryl core structure of balanol has been synthosized employing a mgioselective 
intramolecular Heck reaction as the key step. This approach can potentially lead to new types of analogues of the 
potent PKC inhibitor. © 1999 Elsevier Science Ltd. All rights reserved. 

The recently isolated fungal metabolite, balanol (Figure 1), is a potent inhibitor of human PKC isozymes 

with inhibition constants in the nanomolar range, t Unfortunately, this inhibitor is not selective enough with 

respect to other kinases (such as PKA), and therefore much effort has been launched, in particular by Sphinx 

Pharmaceuticals, to identify a more selective inhibitor towards PKC based on the balanol structure. 2 Whereas a 

significant amount of work has been reported on the modification of the azepine ring, little has been published 

concerning variations of the benzophenone fragment, which is thought to mimic an ATP unit. 3'4 

With our interest in synthesizing balanol and analogues thereof, we show in this communication our 

approach for the construction of the important aryl core structure of this natural product employing a 

regioselective intramolecular Heck reaction. 5 We envisioned that this route should not only lead to the 

benzophenone fragment of balanol, but also to a variety of new analogues possessing modifications around the 

C=O bond. 
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Scheme I 

In our initial effort to prepare the aryl core structure via an intermolecular Heck reaction, as depicted in 

Scheme 1, the desired coupled product was, not unexpectedly, obtained in low yields where instead C-C bond 

formation at the terminal carbon of the vinyl group was the major pathway. In an attempt to reverse the 

regioselectivity of this reaction, we decided to investigate an intramolecular version of the Pd-catalyzed reaction, 

such as with the phenyl benzoate 1 (figure 1), which if successful would lead to the 7-membered lactone 2. The 

formation of two other isomeric lactones could also be anticipated from either 8-endo cyclization onto the vinyl 

group, or from a 6-membered ring closure via carbon substitution at the aryl C-H bond. 6 The latter was 

nevertheless expected to be a slower event compared to the larger ring formation owing to the disruption of 

aromaticity in the cyclization mechanism. With 2 in hand, lactone hydrolysis and oxidative cleavage would then 

be expected to lead to the benzophenone fragment 3 of balanol. On the other hand, 4 represents a C=C analogue 

of this moiety which itself could potentially be transformed to the other analogues, such as epoxide 5 or diol 6. 

The synthesis of the aryl fragment began with the preparation of the benzoic acid 8, as shown in scheme 

2. Starting from the readily available oxazoline 7, 7 nucleophilic aromatic substitution with vinyl magnesium 

bromide, followed by a 2-step hydrolysis procedure afforded 8 in 60% yield as a colorless solid, s In order to 

investigate the feasibility of the intramolecular Heck reaction in this approach, two model compounds 1 0 a  and 

10b were prepared, including the correctly functionalized substrate 10e. 9 The esterification step could be 

accomplished in good yields employing the mild conditions developed by Furukawa for the preparation of 

phenyl carboxylates." 
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Phenol Ester (Yield) 

9a X = H, Y = H 10a (95%) 

9b X = OBn, Y = H 10b (47%) 

9c X = OBn, Y = COeBn 10¢ (72%) 

Scheme 2 
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The cyclization studies began with the simple model 10a, the results of which are depicted in Scheme 3. 

With PdC12(PPh3) 2 as the catalyst, the use of solvents such as DMA and DMF led to quick reactions and indeed 

the formation of lactone l l a  as the major product (50%). However, 12a was also formed along with traces of 

the 6-membered lactone 13a, and regioselectivities were not satisfactory ( l l a :12a ,  approx. 4:1). Switching to 

acetonitrile as the solvent, greatly improved the yield (75%) and the regioselectivity (13:1) in favor of 1 la ,  with 

no formation of 13a. Nevertheless, longer reaction times (approx. 48 h) were required and catalyst 

decomposition necessitated further addition during the reaction period, such that a total of approx. 0.5 

equivalents of catalyst was added for the reaction to be completed. Whereas, the use of other catalysts or 

reaction conditions (for ex. Jeffrey's conditions t2) greatly improved the reactions times, these were less selective 

for the 7-membered ring formation. 

PdCI2(PPh3)2• ~ + + 
NaOAe, MeCN 

90°C 
10 11 12 13 

Iodide Lactones (Yields) 

10a X=H,Y=H 

10b X=OBn, Y= H 

10c X = OBn, Y = CO2 Bn 

11a (75%) 12a (6%) 

11b (53%) 12b (trace) 

11c (70%) 12c (13%) 

S c h e m e  3 

Increasing the steric bulkiness of the iodide with 10b also led to good selectivities with only traces of the 

8-membered ring lactone being formed, implying that the o-BnO-substituent in the aryl ring does not impart 

significant stedc hindrance in the coupling step to invert the regioselectivity of the Heck reaction. Finally, 

cyclization of the correctly substituted substrate 10e afforded the product of 7-ring closure 11e in a satisfactory 

yield of 70% yield along with 12c (13%). The lactone ring in l l e  could then be opened (KOH, BnBr) to 

afford 14 in 63% yield, representing the methylene analogue of balanol's benzophenone fragment (Scheme 4)) 3 

KOH, BnBr ~,. 
MeCN, 20°C 

Bn02C" "~ "0% 63% BnO2C 

11c 14 

S c h e m e  4 

In summary, a rapid synthesis of balanol's aryl core structure was achieved employing an intramolecular 

Heck reaction as the key step. Significant amounts of the palladium complex are still required for the reaction to 

be completed, and further work is underway to identify a more suitable catalyst. This synthetic approach should 

allow access to numerous analogues of balanol in order to study their binding to PKC. We are currently 
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investigating the feasibility of a Heck reaction with the corresponding aldehyde derivative of lOc, which should 

lead directly to the benzophenone moiety. This study will be reported in due course. 
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