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Protein kinase C (PKC), a family of serine/threonine-specific 
kinases, plays a key role in cell growth, metabolism, and 
differentiation.1 Because the activated enzyme has been impli
cated in several disease processes, namely, cancer, inflammation, 
cardiovascular dysfunctions, diabetic complications, asthma, 
central nervous system disorders, and HIV infection, agents that 
inhibit PKC may prove to be of therapeutic value.2 In our search 
for novel and potent PKC inhibitors, we discovered balanol, an 
unusal metabolite produced by the fungus Verticillium balanoides. 
In this communication we describe the isolation, structure, and 
absolute stereochemistry of balanol. Balanol inhibits PKC in 
the low nanomolar concentrations. 

V. balanoides collected from Pinus palustris needle litter near 
Hoffman, NC, was cultured in yeast extract, peptone, dextrose, 
malt, and commeal media. The freeze-dried culture was 
repeatedly extracted with MeOH, and the organic extract (IC50 
10-20 jiG/mL against PKC) was partitioned between H-BuOH 
and H2O. Bioassay-guided fractionation of the n-BuOH-soluble 
material (IC50 < 1 fiG/mL) by gel permeation on Sephadex LH-
20 with a CH2Cl2-MeOH gradient followed by reversed-phase 
(ODS silica) HPLC furnished pure balanol (1) as a yellow 
amorphous solid, [a]D -129° (c 0.25, MeOH). Approximately 
12 mg of balanol was obtained from 40 L of culture. The 
molecular formula was established as C2SHMN2OK) by HR-
FABMS ([M + H]+, mlz 551.1685, A 2.7 mmu). The IR 
spectrum indicated the presence of hydroxyl, ester, and amide 
functionalities. Detailed analysis of 1H, 13C (Table I), and 2D 
NMR (COSY, NOESY, TOCSY, HMQC, and HMBC) data 
enabled us to propose structure 1 for balanol and unambiguously 
assign all the protons and carbons. The main core of balanol was 
identified to be a hexahydroazepine ring with amide and ester 
substituents at C-3 and C-4, respectively, by 1H-1H decoupling 
and TOCSY experiments. The 1H NMR spectrum supported 
the presence of 1,4-disubstituted (5H 7.62, 6.74, each 2H, d, / -
8.7 Hz), 1,2,6-trisubstituted (5H 6.64, brd, 7.07, t, 6.96, brd, each 
IH, / = 7.6 Hz), and 1,3,4,5-tetrasubstituted (5H 6.66, 2H, s) 
benzene rings. On the basis of the HMBC experiment, as well 
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as 1H and 13C NMR data, the 1,4-disubstituted benzene ring was 
identified to be p-hydroxybenzoyl and attached to the nitrogen, 
which in turn adjoined the C-3 of the hexahydroazepine ring as 
depicted in a. Accordingly, H-3 (5H 4.17), the amide proton (5H 

8.08), and H-3',7' (5H 7.62) all showed HMBC cross peaks to the 
amide carbonyl (5c 165.9). Additional proof for this assignment 
was obtained from the basic hydrolysis (K2CO3-H2O-MeOH) 
of 1, which produced the alcohol 2. The remaining two substituted 
benzene rings were linked via a carbonyl (5c 201.4), and the C-C 
connectivities were established by HMBC experiment as shown 
in b. The significant HMBC correlation which led to the 
assignment of the tetrasubstituted benzene ring attached to C-4 
of the hexahydroazepine ring through an ester linkage was evident 
from the cross peaks shown by H-4, H-3", and H-7" (degenerate) 
to the ester carbonyl (5C 165.4).3 The relative stereochemistry 
at C-3 and C-4 was assigned trans on the basis of the observed 
1H-1H coupling constant (73>4 = 7.6 Hz) and NOE data. 
Significant NOE interactions, as depicted in c, were observed 
between the amide proton and H-3', H-2b, and H-4 and between 
H-4 and H-2b. Proton H-2b showed large coupling (/»,3 = 7 
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Table I. 1H NMR (600 MHz) and 13C NMR (75.5 MHz) Spectral 
Data of Balanol in DMSOd6 

Hz) with H-3 and hence had to be located trans to H-3. To 
verify the proposed relative stereochemistry and to establish the 
absolute configuration of 1, an X-ray analysis of 3, a p-bro-
mobenzoyl derivative of 2, was undertaken. The results are 
presented in Figure 1, which shows the anti disposition of the 
substituents at C-3 and C-4 and the absolute configuration as 
ZRAR. 

»0H 

' $ -

RO 

2R = H 

3R = p-bromobenzoyl 

CO2H 

It is of interest that ophiocordin (4),5 [a]D +70° (c 1, MeOH), 
an antifungal antibiotic from the fungus Cordyceps ophioglos-
soides, was reported to have a regioisomeric structure of balanol. 

Balanol represents a novel class of protein kinase C inhibitors. 
ICjo values of 4-9 nM were observed in assays against human 
PKC enzymes a, 0-1, /3-II, y, S,«, and r/ with the exception of f 
(150 nM). The inhibition profile is similar to those of stauro-
sporine6 and its congeners.7 
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Figure 1. A computer-generated perspective drawing of the final X-ray 
model of 3. The absolute configuration was determined from the 
anomalous scattering from the bromines. 
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