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Abstract: Ras (p21) protein is frequently found mutated in human cancers and must be farnesylated by farmesyl
protein-transferase (FPTase) to achieve cell-transforming activity. Our continued search for inhibitors of FPTase as
potential cancer chemotherapeutics led to the isolation of fusidienol from extracts of the fungus Fusidium griseum.
Fusidienol is a novel and potent oxygen-containing [7/6/6] tricyclic heterocycle.

Farnesyl-protein transferase (FPTase) catalyzes the farnesylation of proteins such as Ras (p21) on the
cysteine residue near the C-terminus. For Ras, post-translational modification is required for celi-transforming
activityl. Selective inhibitors of FPTase have the potential to be used as anticancer agents, particularly in colon
and pancreatic cancersZ where the ras oncogene is mutated and believed to play a major role in tumor formation.
Recently, FPTase inhibitors have shown biological efficacy against ras dependent cell-transformation.3

We have recently reported the isolation of chaetomellic acids# as novel inhibitors of FPTase with
nanomolar potency. Other microbial products which have been reported as inhibitors of FPTase are
pepticinnamins, (a class of peptides), gliotoxin,6 10'-desmethoxystreptonigrin,” and manumycin analogs.3
Continued screening for potent inhibitors of FPTase resulted in the isolation of fusidienol (1a) from Fusidium
griseum (Deuteromycotina, Hyphomycetes).? Fusidienol is a novel tricyclic oxygen-containing heterocycle with
a 7/6/6 ring system that inhibited bovine brain FPTase!? with an ICsp of 300 nM while being inactive against rat
liver squalene synthase and bovine brain geranyl-geranyl protein transferase. Inhibition of FPTase by fusidienol
is non-competitive with respect to both substrates i.e. acceptor Ras-CVLS peptide and FPP. Ki values were 1.4
and 0.5 uM with respect to Ras and FPP, respectively. Fusidienol was less active when tested against
recombinant human FPTase enzymel0 exhibiting an ICsg of 2.7 pM. Fusidienol diacetate (1b) inhibited bovine
FPTase with an ICsg of 1 uM.
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la: R= H, Fusidienol
1b: R= COCH3
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Fusidium griseum, grown for 11 days on medium consisting of millet, yeast, sodium tartrate, sucrose,
alfalfa and corn oil, was extracted with methyl ethyl ketone. Fusidienol (1a) was initially isolated by
chromatography on Sephadex LH-20 followed by reversed phase HPLC. Subsequent isolations were achieved
by partitioning the dried methyl ethyl ketone extract with methylene chloride and 50% aqueous methanol
followed by silica gel chromatography using hexane-acetone. Crystallization from methanol afforded yellow
granules (50 mg/L) of fusidienol (1a), mp. 168-70 °C.

STRUCTURE ELUCIDATION

Electron impact (EI) mass spectral analysis of fusidienol gave a molecular ion at m/z 316 for which the
empirical formula C6H 1207 was determined by high resolution measurement. This formula indicated that
fusidienol has 11 degree of unsaturations. Fusidienol (1a)!! formed a bis-trimethylsilyl ether (m/z 460) when
reacted with BSTFA-pyridine. The UV spectrum of 1a gave absorption bands at 230 and 327 nm, an indication
of a highly conjugated system which was also apparent from the slightly yellow color of fusidienol. The infra
red spectrum showed absorption bands for hydroxy (3500 cm-1), ester (1724 cm-!) and highly conjugated
carbonyl (1651 cm-!) groups. Formation of the bis-TMS derivative indicated the presence of two active
hydrogens which was supported by acetylation with acetic anhydride and pyridine to give diacetate 1b.12 C-13
NMR analysis (Table 1) of 1a in CD30D displayed 16 carbons and supported the molecular formula derived
from mass spectral analysis. The APT spectrum of fusidienol revealed the following types of carbons: a
methoxy carbon (8 52.90), an oxymethylene (8 60.72), five olefinic/aromatic methines and the remaining nine
carbons were quaternaries which presented a challenge in resolving the structure. Two of the carbons were
highly downfield and occupied the region of the spectrum which is normally occupied by carbonyl carbons.

Figure 1: HMBC (®Jcu=7 Hz) Correlations of la

Examination of the 'H NMR spectrum (Table 1) indicated the presence of a methoxy group, a 1,2,3-
trisubstituted aromatic ring, two olefinic protons, and an oxymethylene which showed small couplings to both
olefinic protons. The sub-structures were put together by HMBC correlations (Figure 1) using a "JcH = 7Hz.
The correlation of methoxy protons with the carbonyl carbon confirmed it to be a methyl ester. Two and three
bond HMBC correlations of H-11 to C-9, 10, 12, 13, 16, 17 and H-13 to C-11, 12, 15, 16 helped in
assembling the left hand side of the molecule which was further corroborated by respective correlations from H-
16. The right hand side of the molecule was similarly assembled with the help of HMBC correlations of H-3, 4
and 5. Unambiguous assignment of chemical shifts of C-2 vs C-6 and C-3 vs C-5 was not possible in CD30D
due to equivocal correlations. This distinction became possible only when we made use of the HMBC
correlations involving the unexchanged chelated 6-OH group. Therefore, the NMR studies were repeated in a
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2:1 mixwure of CD3CN-CD3COCD;3 (Table 1) . The HMBC experiment in this solvent gave all of the HMBC
correlations which were observed in CD30D with additional correlations from the 6-OH. The proton at 8 12.13
gave correlations to C-5 (§113.26), 6 (§161.75), 7 (3110.19) and 8 (8183.92) thereby confirming all of the
carbon chemical shift assignments. Based on these data structure 1a was proposed for fusidienol. The mass

spectral fragmentations of diacetate 1b (Figure 2) were in complete agreement with the assigned structure.
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Figure 2: Mass Spectral Fragmentation of Fusidienol diacetate (1b)

Table 1: NMR Assignment of Fusidienol

Position | 8C1 5C2 Mult |5H! SH2

2 155.16 154.90 Co -— -

3 108.11 108.23 CH 6.95, dd, 9.0, 0.5 6.95, dd, 8.4, 0.8
4 136.94 137.04 CH 7.60,t, 8.5 7.60,t, 8.4

5 113.37 113.26 CH 6.82, dd, 9.0, 0.5 6.81, dd, 84, 1.2
6 161.94 161.75 Co -—- -—

7 110.28 110.19 Co ——— -—

8 183.95 183.92 Co — -—

9 105.80 105.72 Co -— -—

10 131.34 131.24 Co - -—

11 134.64 134.50 CH 7.06, s 7.00, dd, 0.8, 0.4
12 131.31 131.10 Ce - —

13 145.75 145.13 CH 6.57,¢, 1.5 6.52,td, 1.2, 04
15 164.42 163.98 Co -—- -—

16 60.72 60.63 CH, 4.14, d, 1.5 4.13, ddd, 6.0, 1.6, 0.4
17 168.51 167.57 Co -— —

19 52.90 5293 CH3 379, s 3.72, s

6-OH - -— -— - 12.13, s

16-OH - - -— -—- 3.61,¢t 6.0

1CD30D at 30 °C (500 MHz); 2CD3CN-CD3COCD3 (2:1) at 25 °C (400 MHz).
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C16H1207: 316.0583).

1b: 'H NMR (CD30D+CDCl3, 8): 2.04 (3H, s), 2.34 (3H, s), 3.79 (3H, s), 4.67 (2H, s), 6.63 (1H, s5), 7.05 (1H, d, J =
8.0 Hz), 7.22 (1H, s), 7.30 (1H, d, J = 8.0 Hz), 7.64 (1H, t, J = 8.5 Hz). HREIMS (m/z): 400.0799 (M*, calcd. for
C20H1609: 400.0794), 358.0693 (calcd. for C1gH1408: 358.0689), 342.0743 (calcd. for C13H1407: 342.0740), 326.0430
(caled. for C17H907: 326.0427), 310.0485 (caled. for C17H1007: 310.0477), 298.0484 (calcd. for C16H1006: 298.0477),
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(Received in USA 18 April 1994; accepted 6 May 1994)



