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Abstract: Synthetic studies on the fungal metabolite, wortmannin, were undertaken in an effort to gain
insight into the structure activity relationships of wortmannin analogs on phosphatidylinositol-3'-kinase (PI-3-
kinase). Our work has focused on the chemistry of the previously unexplored furan ring and has uncovered
several interesting and novel chemical transformations, which are described herein.

In the early 1970's, the structure of the fungal metabolite, wortmannin, was elucidated ! and researchers
at Sandoz reported on it's potent antiinflammatory activity.2 Structure activity relationship (SAR) studies
were perfomed with the goal of reducing the toxicity observed in wortmannin while retaining its
antiinflammatory activity. Unfortunately, development of wortmannin or wortmannin analogs as
antiinflammatory agents was precluded due to this toxicity. A series of papers were published which outlined
the synthetic efforts of the Sandoz group.3 Some very elegant chemistry was developed which allowed for
functionalization of the steroid D ring. Additionally, it was shown that the A ring could be opened under
conditions which left much of the rest of the molecule intact. However, limited manipulation of the furan ring
was reported.

Wortmannin (IC50 = 4.2 nM)

The chemistry of wortmannin apparently lay dormant for about 15 years until Broka and Ruhland
reported on the total synthesis of a simplified analog of wortmannin in 1992.4 Then in 1994, it was reported
that wortmannin was a potent (4.2 nM) and selective inhibitor of phosphatidylinositol-3'-kinase (PI-3-
kinase).5 PI-3-kinase has been identified as an important enzyme in a number of growth factor signalling
pathways and is a potential target for intervention in various proliferative diseases, such as cancer.9 We were
interested in the chemistry of wortmannin for the purpose of developing an SAR for PI-3-kinase inhibition.
We were particularly intereseted in making changes to the furan portion of the molecule since we felt that the
highly electrophilic C-21 position of wortmannin might be responsible for many of its biological activities.
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The C-21 position of wortmannin is highly susceptible to nucleophilic attack. Although it has been
shown that secondary amines react readily with wortmannin to give the ring-opened derivatives 1.3 the
configuration of the double bond has never been reported. When we observed strikingly different inhibition
activities between the secondary amine adducts 1 and the primary amine adducts 2 we decided to probe this
issue.” Upon examining the heteronuclear coupling constants between the olefinic protons and the lactone
carbonyl carbon, we were able to determine that the double bond configurations were indeed different in the
two systems.” We believe that the Z relationship observed in 2 is preferred due to an intramolecular hydrogen
bond which is not possible for adduct 1.
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In an effort to further explore the chemistry of the furan ring and specifically the C-21 position, we
treated wortmannin with diazomethane. The product of this reaction was not the expected cyclopropane, or
even the pyrazoline 4, but 21-methylwortmannin 5.8 Although we were unable to detect the pyrazoline 4, we
believe it to be an intermediate and loses nitrogen to form 5. It should be noted that simple addition of a C-21
methyl group to wortmannin destroys PI-3-kinase activity.

5 ICsp>> 500 nM



The furan ring of wortmannin 1185

A unique ring expansion product 6 was observed when wortmannin was treated with
trimethylsulfoxonium ylide.? The cyclopropyl adduct 7 could be formed, as a 2:1 mixture of diastereomers,
when wortmannin was treated with an excess of ylide or when 6 was directly treated with the ylide. While 6
retained moderate PI-3-kinase inhibitor activity, 7 was inactive up to 500 nM. We envisioned two possible
mechanisms for the ring expansion reaction (Path A vs. Path B) and set out to determine which mechanism
was operative since we were unable to detect any of the intermediates in this transformation. We reasoned
that if the fully deuterated ylide was used in the reaction, the two potential mechanisms could be distinguished
by the location of the deuterium atoms in the ring expansion product. We prepared the fully deuterated ylide

2 CH,S(0)Me,

7 ICso >> 500 nM

TCHZS(O)MeZ

H
o

Q IC5(] =271 nM

precursor in the usual manner by simply treating d6-DMSO with an excess of CD31 at reflux? and collected
the solid sulfoxonium iodide. When the ylide was prepared and treated with wortmannin, the product 8 was
formed exclusively.10 This experiment indicates that Path A is preferred for the transformation.

(o]
MeO
(0] -
I3 CDal I, NaH o
— QT —_—
)Da/S\CD3 CD3-$~CD3 Wortmannin

CDs



1186 B. H. NORMAN et al.

The chemistry reported here allowed us to learn a great deal about the structural requirements for PI-3-
kinase inhibition in wortmannin analogs. As we suspected, the electrophilic C-21 position in the furan ring
proved to be an important site in the molecule. We found that changes at that position, such as the ones
reported here, have a dramatic effect on PI-3-kinase inhibitor potency. A more comprehensive description of
our PI-3-kinase SAR will be reported in a separate paper to appear shortly.
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